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Preface 


This  project  describes  the  design  and  simulation  of  a 
totally  solid-state,  self-contained  data  acquisition  system. 
The  system  is  designed  to  collect  and  store  physiological 
and  environmental  data  of  aircrew  members  performing  actual 
missions.  The  Rockwell  System-65  minicomputer,  augmented 
with  two  megabits  of  magnetic  bubble  memory,  was  used  for 
operational  software  development  and  system  simulation. 
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Abstract 


—  I 

A  design  is  presented  for  a  self-contained,  man-mounted 
data  acquisition  system  to  sample  and  store  12  environmental 
and  physiological  parameters.  The  design  consists  of  one- 
megabyte  of  nonvolatile  magnetic  bubble  memory  storage, 

16  analog  input  channels,  and  four  digital  input  channels, 
and  is  controlled  by  a  6502  microcomputer.  Operational  soft 
ware  was  designed  and  simulation  conducted  on  a  Rockwell 
System-65  minicomputer  augmented  with  two-megabits  of  mag¬ 
netic  bubble  memory.  Two  types  of  data  storage  methods  are 
examined--cont inuous  (or  pulse  code  modulation),  and  Lhree 
variations  of  delta  pulse  code  modulation  for  reduction  of 
data  storage. 

Nonuniform  sampling  rates  (or  sampling  jitter)  caused 
by  simultaneous  sampling  requests  were  investigated,  and 
ways  to  reduce  or  eliminate  the  occurrence  of  jitter  are 
also  presented. 


AIRCREW  INFLIGHT  PHYSIOLOGICAL 


DATA  ACQUISITION  SYSTEM 

I  Int  roducl ion 

As  aircraft  capabilities  increase,  so  do  the  physiologi 
cal  stresses  placed  on  the  crew.  These  stresses,  such  as 
low  temperature,  reduced  oxygen  and  pressure,  and  artificial 
gravity,  evoke  certain  unwanted,  possibly  hazardous,  physio¬ 
logical  responses.  The  United  States  Air  Force  School  of 
Aerospace  Medicine  (SAM)  has  a  program  underway  to  collect 
and  analyze  data  on  these  physiological  responses  during 
actual  flight.  The  objectives  of  this  program  have  been  to 
evaluate  the  effectiveness  of  life  support  equipment  and 
systems,  determine  the  oxygen  generation  and  storage  require 
ments  for  various  types  of  missions,  accumulate  a  data  base 
from  which  design  criteria  for  new  breathing  systems  and 
environmental  control  systems  can  be  developed,  and  assess 
t.lie  physiological  cost  of  flying  operations  (Ref  1). 

As  indicated  by  the  title,  this  investigation 
addresses  the  data  collection  and  storage  portion  of  the 
physiological  response  analysis  problem.  The  device  which 
collects  the  data  is  called  the  Inflight  Physiological  Data 
Acquisition  System,  or  :  FPDAS .  The  current  i  FPDAS  operated 
by  SAM  has  undergone  several  improvements,  but  still  uses 

I 

i  A 


a  cassette  tape  recorder  as  the  mass  storage  device.  As 
with  all  mechanical  devices,  its  performance  is  degraded 
during  high-G  maneuvering.  The  existing  system  also 
requires  that  analog  signals  be  converted  several  times 
before  getting  to  the  final  digital  state  for  analysis. 

'Hie  original  analog  signals  are  recorded  on  cassette  tape 
in  a  pulse  duration  modulation  format.  It  is  changed  back 
to  analog  when  read  from  the  cassette  tape,  and  finally 
converted  to  an  eight-bit  digital  representation.  The  cur¬ 
rent  system  is  controlled  by  discrete  logic,  with  each 
channel  being  sampled  32  times  per  second.  There  is  no 
capability  to  change  this  basic  sampling  rate  for  slowly- 
varying  signals.  Faster  sampling  rates  are  obtained  in 
increments  of  32  by  applying  the  input  signal  to  multiple 
channels.  Also,  due  to  discrete  logic  control,  the  current 
1FFDAS  has  no  capability  for  data  reduction  or  preprocess¬ 
ing.  Due  to  these  inherent  limitations  in  the  existing  sys 
tern,  there  is  keen  interest  in  developing  a  highly  flexible 
microprocessor-controlled  IFPDAS  utilizing  no  mechanical 
devices . 

Background 

System  Requirements .  SAM  personnel  identified  several 
initial  requirements.  First,  the  following  12  parameters 
must  be  collected: 

a.  triaxial  acceleration  (Gx,  Gy,  Gz) 

b.  cabin  pressure 
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c.  anti-G  suit  pressure 

d.  mask  pressure 

e.  inspired  flow  rate 

f.  inspired  oxygen  concentration 

g.  expired  flow  rate 

h.  expired  oxygen  concentration 

i.  body  temperature 

j.  hearL  rate 

Eleven  of  the  above  parameters  are  provided  by  sensors 
which  generate  analog  signals  in  the  range  of  zero  to  five 
volts.  The  remaining  parameter,  heart  rate,  is  provided 
both  as  an  analog  signal  and  as  an  eight-bit  digital  word. 
The  sensors  used  to  monitor  physiological  parameters  are 
noninvasive  (not  surgically  implanted)  and  have  an  accuracy 
no  better  than  IX  of  full  range.  Therefore,  1%  was  set  as 
a  guideline  for  IFPDAS  accuracy.  it  is  further  required 
that  all  parcimeters  be  time  tagged  so  that  a  physiological 
response  parameter,  such  as  increased  heart  rate,  can  be 
correlated  to  an  input  parameter  change,  such  as  increased 
Gz  acceleration. 

The  system  must  be  self-contained  and  fit  into  a  sur¬ 
vival  vest.  These  requirements  imply  that  the  system  be 
battery  powered  and  not  larger  than  2x5x9  inches.  Lastly, 
the  system  must  be  capable  of  operating  for  at  least  four 
hours . 

P revi ous  Work.  Two  previous  AF1T  theses  investiga¬ 
tions  in  this  area  have  been  done. 
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The  first,  by  Jo Ida  and 


Wanzek  (Ref  2),  proposed  a  microprocessor-controlled  system 
with  a  magnetic  bubble  memory  (MBM)  a.,  the  mass  storage 
device.  Several  sensors  were  interfaced  to  an  Intel  8080 
microprocessor  test  system  to  demonstrate  the  feasibility 
of  implementing  a  completely  solid-state  IFPDAS.  The  data 
storage  algorithm  used  to  reduce  the  amount  of  data  stored 
averaged  each  signal  over  a  10-second  period. 

The  second  thesis  investigation,  by  Hill  (Ref  3) , 
looked  at  the  12  input  parameters.  Their  rates  of  change 
were  examined  and  sampling  rates  necessary  to  accuxately 
reproduce  the  parameters'  signals  were  proposed.  Several 
data  storage  formats  were  suggested  and  implemented  on  the 
Intel  8080  test  system.  To  varying  degrees,  these  storage 
formats  traded  parameter  accuracy  for  reduced  storage.  A 
general  design  of  the  IFPDAS  was  proposed,  and  the  power 
and  space  requirements  for  that  system  were  specified.  For 
the  general  design  proposed,  an  implicit  assumption  was  made 
that  the  list  of  12  parameters  was  complete.  The  overall 
effect  of  this  assumption  was  that  the  system  was  designed 
t.o  the  12  parameters  with  no  capability  for  expansion. 

Discussions  with  SAM  personnel  indicate  that,  as  the 
analysis  continues,  additional  parameters  will  be  identified. 
This  fact  is  evident  from  discussions  concerning  their 
interest  in  various  real-time  preprocessing  techniques  of 
such  signals  as  electrocardiograms.  They  also  imply  that 
some  parameters  currently  recorded  might  be  omitted  in 
future  tests,  while  other  parameters,  such  as  body 


temperature,  might  be  collected  for  several  locations  of 
interest.  In  short,  SAM  cannot,  at  this  time,  specify  a 
complete  list  of  parameters  or  the  parameter  mix  that  will 
be  used.  It  is  therefore  impossible  to  design  a  digital 
1  1'TDAS  to  a  set  of  input  parameters  whose  number,  type 
(analog  or  digital),  and  storage  rate  are  not,  as  yet, 
known.  Because  of  i he  limitation  on  space,  the  requirement 
for  battery  power,  and  the  existing  level  of  MBM  technology, 
it  is  aLso  not.  feasible  to  "over  design"  the  system  in 
anticipation  of  future  needs! 

Prob  1 em  Statement 

The  purpose  of  this  effort  was  to  design  and  simulate 
a  solid-state,  self-contained,  microprocessor-controlled 
1 FPDAS .  As  MBM  technology  advances,  the  IFPDAS  should  be 
able  to  increase  its  capability  with  only  minor  hardware 
changes  and  little  or  no  software  changes.  The  objectives 
of  the  simulation  were  to  demonstrate  relationships  between 
tlie  parameter  characteristics  (number,  type,  and  sampling 
rate)  and  each  of  the  following: 

a.  amount  of  hardware 

b.  size  of  mass  storage 

c .  powe  r 

d.  package  volume 

For  a  given  level  of  technology,  these  relationships  allow 
the  realistic  determination  of  conditions  under  which  a 
solid-state  J FPDAS  could  function  successfully. 
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Because  of  time  constraints,  this  effort  was  limited 
to  the  collection  and  storage  aspects  for  the  problem  of 
physiological  response  analysis.  Within  this  guideline, 
the  following  assumptions  were  made  to  further  define  the 
scope  of  the  investigation: 

a.  sensor  outputs  correctly  represent  the  quantities 
measured 

b.  analog  signals  are  in  the  range  of  zero  to  five 
vol  t  s 

c.  digital  parameter  data  are  represented  by  an 
eight-bit  oyte 


App  roach 


For  analysis  the  system  was  divided  into  two  parts, 
the  controller  hardware  and  the  storage  hardware.  The  con¬ 
troller  hardware  was  defined  as  that  hardware  required  to 
collect,  manipulate,  and  store  data  at  the  correct  sampling 
rates.  The  storage  hardware  was  defined  as  that  hardware 
used  solely  for  mass  storage  or  the  control  of  mass  storage 
Note  that  by  this  definition  the  random  access  memory  (RAM) 
used  to  buffer  data  to  the  MBM ,  was  considered  as  part  of 
the  storage  hardware. 

The  first  step  was  to  define  a  controller  hardware 
configuration.  The  basic  design  constraints  were  to  pro¬ 
vide  a  path  for  the  flow  of  data  from  the  inputs  to  the 
storage  device  at  a  sufficient  rate--a 


"sufficient  rate" 


being  defined  as  Chat  required  to  process  and  store  at 
least  the  original  12  parameters.  The  next  step  was  to 
simulate  the  IFPDAS  controller  software  for  the  controller 
hardware  structure.  The  Rockwell  System- 65  minicomputer 
was  the  host  machine  for  this  study.  A  survey  of  available 
MBM  was  made,  and  the  interface  structure  of  the  most 
promising  was  added  to  the  simulation  program.  The  storage 
size  of  the  MBM,  as  well  as  that  of  the  RAM  buffer,  were 
provided  as  variable  inputs  to  be  set  upon  program  initiali¬ 
zation.  Different  data  storage  techniques  which  indicated 
a  good  potential  for  storage  reduction  were  examined. 

These  were  also  added  to  the  simulation  program.  Finally, 
several  simulations  were  conducted.  In  each  simulation  one 
of  the  following  was  varied: 

a.  number  of  input  parameters 

b.  sampling  rates 

c.  data  storage  methods 

d.  size  of  RAM  buffer 

e.  size  of  bubble  storage 

Sequence  o f  Presentation 

Chapter  li  is  concerned  with  system  hardware.  First, 
the  configuration  for  the  controller  hardware  is  examined. 
Next,  the  storage  hardware  is  analyzed  in  light  of  what  is 
currently  available  and  what  should  be  available  in  the 
near  future.  Lastly,  the  simulation  hardware  is  examined 
and  compared  with  the  controller  and  storage  hardware. 
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Chapter  III  deals  with  the  simulation  software  and 
its  operation.  Storage  methods  to  reduce  the  amount  of 
data  stored  are  discussed,  along  with  accuracy  and  errors 
associated  with  each.  This  chapter  also  examines  other 
nonhardware  related  issues.  These  include  a  discussion 
of  sampling  rates  to  insure  signal  reproducibility,  methods 
of  handling  storage  error,  and  the  effect  of  sampling 
delays  due  to  multiple  simultaneous  sampling  requests. 

Results  and  recommendations  are  presented  in  Chapter  IV. 
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II  Hardware 


For  discussion  purposes,  this  chapter  is  divided  into 
three  parts:  the  controller  hardware,  the  storage  hardware, 
and  the  simulation  hardware.  The  first  section  describes 
how  and  why  the  controller  hardware  structure  was  minimized 
A  prototype  design  is  presented  using  current  state-of-the- 
art  devices.  The  subsequent  section  discusses  the  storage 
hardware,  centering  on  the  selection  of  an  appropriate  MBM. 
The  simulation  hardware  is  discussed  in  the  final  section. 

Controller  Hardware 

The  controller  hardware  was  defined  as  that  hardware 
required  to  collect,  manipulate,  and  store  the  incoming 
data.  One  characteristic  of  the  controller  hardware  was 
that  the  amount  of  hardware  required  was  not  a  direct  func¬ 
tion  of  the  number  of  input  parameters  and  mission  length, 
as  was  the  case  with  the  storage  hardware,  but  was  depen¬ 
dent  on  the  functions  that  it  performed.  In  keeping  with 
Lhe  power  and  space  limitations  discussed  earlier,  a  defini 
Lion  of  a  minimum  controller  hardware  configuration  was 
needed.  Defining  the  minimum  controller  hardware  had  the 
added  benefit  of  maximizing  the  physical  space  allotted  for 
the  MBM  storage  hardware.  In  order  to  minimize  the  con¬ 
troller  hardware,  the  functions  of  the  controller  hardware 
were  considered. 
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As  shown  in  Figure  1,  three  functions  associated  with 
the  controller  hardware  were  identified.  Interfacing  the 
system  to  both  analog  and  digital  input  signals  was  one 
function,  labeled  as  the  Channel  Interface.  Control  of  the 
interface  hardware,  manipulation  of  data  for  preprocessing 
or  storage  reduction,  and  control  of  data  flow  to  mass 
storage  were  grouped  as  the  second  function,  called  System 
Control.  The  Mission  Run  Clock  function  was  identified  to 
provide  a  continuous  time  readout  in  relation  to  the  start 
of  the  test  to  allow  the  incoming  signals  to  be  correlated 
in  time.  Having  identified  the  functions  performed  by  the 
control  hardware,  it  was  necessary  to  identify  the  hardware 
to  perform  those  functions.  Specific  device  recommenda¬ 
tions,  given  in  Table  1,  were  predicated  on  meeting  the 
functional  requirement s  of  the  minimum  controller  with  cur¬ 
rently  available  hardware  at  minimum  power.  Because  of  its 
extremely  low  power  consumption  and  moderately  fast  opera¬ 
tion,  complementary  metal  oxide  semiconductor  (CMOS) 
devices  were  recommended  when  available. 

The  system  requirements  that  came  to  bear  on  the 
selection  of  the  Analog  Channel  Interface  were  to  service 
at  least  the  12  original  analog  signals,  remain  near  the 
17,  error  guideline,  and  have  low  power  consumption.  The 
16-channel  ADC0817  analog  data  acquisition  chip  was 
selected  for  this  function  (Ref  4).  The  chip  contains  a 
16-to-l  analog  multiplexer,  a  successive  approximation 
anal og- to-di gi tal  (A/D)  converter,  and  a  tri-state  output 
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Fig.  1.  IFPDAS  Functional  Block  Diagram 
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latch.  Multiplexing  the  analog  inputs  to  a  single  A/D 
converter,  rather  than  requring  an  A/D  converter  for  each 
signal,  reduces  cost,  power,  and  space.  Under  microcom¬ 
puter  control,  the  analog  multiplexer  can  access  any  one  of 
the  16  single-ended  analog  channels.  The  selected  channel' 
signal  is  fed  through  the  A/D  converter  to  produce  an  eight 
biL  byte.  The  total  conversion  time  (from  start- conversion 
to  end-o f - eonve rsion  flags)  is  100  microseconds,  resulting 
in  a  maximum  rate  of  10,000  conversions  per  second.  This 
is  well  beyond  the  144  samples  per  second  required  by  the 
currently  identified  parameters  (see  Table  11). 

The  ADC0817  performs  a  linear,  ratiometric  conversion 
with  a  total  error  of  less  than  ±‘s  of  the  least  significant 
bit.  Tills  translates  into  a  maximtun  conversion  error  of 
less  than  0.2'Z  for  an  eight-bit  byte,  which  compares  quite 
favorably  with  Lhe  1  "L  error  guideline.  In  line  with  the 
low  power  consumption  requirement,  the  ADC0817  is  a  CMOS 
device  and  consumed  18  milliwatts  of  power  from  a  single 
five  volt  supply. 

The  ADC0817  does  not  contain  a  sample-and-hold  (SAH) , 
but  one  can  be  added  externally.  In  deciding  whether  or 
not  to  use  a  SAH,  it  was  necessary  to  examine  the  sampling 
error  without  the  SAH. 

In  Figure  2  the  aperture  time,  L  ,  refers  to  the  time 
uncertainty  (or  time  window)  in  making  a  measurement.  If 
the  signal  being  measured  changes  during  that  time,  an 
amplitude  uncertainty,  or  error,  results.  It  should  be 


TABLE  II 


PARAMETER  SAMPLING  RATE 


Pa  ranicter 


Sampling  Rate 
(samples  per  second) 


Inspired  Flow  Rate . 20 

Expired  Flow  Rate . 20 

I nsp i red  Oxygen  .  20 

Par i  i  n 1  Pressure 

Expired  Oxygen  .  20 

Purl  i  a  1  P  res.su  re 

Heart  Rate .  8 

Body  Pressure .  2 

Mask  Pressure . 2  0 

Galiin  Pressure .  2 

G-Suit  Pressure  .  8 

Vertical  Acceleration  .  8 

Lateral  Acceleration  .  8 

Longitudinal  Acceleration . 8 

144  Total 


IS 


t  =  aperture  time 


Signal,  V  ( t ) 

l  .  .  ... 

Fig.  2.  Amplitude  Uncertainty  and  Aperture  Time 

noted  that  at  some  point  within  the  aperture  time  the  sig¬ 
nal  amplitude  corresponds  exactly  to  the  code  word  produced 
by  the  A/D  converter.  Therefore,  the  amplitude  uncertainty 
A.V ,  represents  the  maximum  error  due  to  signal  change.  For 
the  maximum  rate  of  change  Identified  in  t lie  current  list 
of  parameters  (Ref  3:10),  the  maximum  amplitude  uncertainty 
corresponds  to  an  error  of  less  than  87.  of  the  least  signif 
cant  bit.  Therefore,  the  possible  accuracy  improvement  is 
insignificant  and  the  SAU  is  not  required. 

The  Digital  Channel  interface  requires  an  eight-bit 
port  for  each  digital  input,  capable  of  handshaking  with 


both  the  system  controller  and  the  data  source.  After  each 
data  collection  mission,  these  ports  could  be  programmed 
to  dump  the  contents  of  MBM  to  a  mass  storage  device  such 
as  digital  tape,  or,  via  a  modem,  transmit  the  data  to  the 
main  computer  for  immediate  analysis.  Device  selection  was 
based  mainly  on  power  consumption.  The  CDP1851  contains 
two  programmable  digital  ports,  with  handshaking  control 
lines  lor  each.  The  device  requires  a  single  five-volt 
supply  and  consumes  approximately  7.5  milliwatts  of  power 
(Ref  5:97-111) . 

The  System  Control  tasks  were  grouped  for  a  microcom¬ 
puter  realization.  The  microcomputer  selected  was  the 
Rockwell  R6502.  The  selection  was  based  upon  four  system 
development  needs.  The  first  was  to  have  a  microcomputer 
which  was  fast  enough  for  current  and  near-term  system 
realizations  but  could,  with  little  or  no  design  changes, 
meet  future  needs.  Experimentally,  the  maximum  sampling 
rate  was  2380  samples  per  second  for  a  single  analog  chan¬ 
nel  and  129  samples  per  second  for  each  of  16  analog  chan¬ 
nels  (total  samples  per  second  of  2064).  The  R6502  speci¬ 
fied  in  Table  I  is  a  one-megahertz  microcomputer  capable 
of  meeting  foreseeable  mission  requirements.  However,  with 
little  or  no  redesign,  the  two-megahertz  version  could  be 
used  to  increase  system  response.  Next,  the  microcomputer 
must  liave  file-oriented  instructions.  While  the  R6502 
microcomputer  is  not  specifically  file-oriented,  it  does 
have  a  straightforward  instruction  set  with  several 
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addressing  modes,  which  make  data  file  manipulations  rela¬ 
tively  easy.  Most  important,  the  R6502  has  a  microcomputer 
development  system  geared  toward  development  of  MBM  systems. 
This  development  system  (called  the  Rockwell  System-65) 
was  used  for  software  simulation  and  is  discussed  later  in 
this  chapter.  Although  CMOS  microcomputers  such  as  the 
CPD1851  were  available,  none  hud  the  system  development  sup¬ 
port  hardware  and  soitware  required  for  IFPDAS  development. 
The  R6502  consumes  250  milliwatts  versus  7.5  milliwatts  for 
the  CPD1851 . 

The  8Kx8  erasable,  programmable,  read-only-memory 
(LPROM)  (Ref  6)  specified  in  Table  I  allows  for  the  exist¬ 
ing  simulation  program  (approximately  4.5K),  plus  room  for 
future  preprocessing  subroutines,  without  need  for  redesign. 
Because  it  is  erasable  and  field  programmable,  initial 
development  costs,  as  well  as  future  software  modification 
costs,  will  be  minimized. 

The  Mission  Run  Clock  function  requires  a  programmable 
16-bit  counter  to  divide  the  one-megahertz  system  clock 
down  to  the  basic  sampling  interval  rate.  The  Mission  Run 
Clock  then  counts  the  number  of  basic  sampling  intervals 
during  the  four-hour  mission.  Twenty-four  bits  are 
required  for  a  one-millisecond  sampling  interval.  The  Mis¬ 
sion  Run  Clock  can  be  realized  in  software  or  (if  available) 
in  hardware.  Low  power  consumption  was  the  primary  selec¬ 
tion  criterion  for  the  programmable  counters.  However,  at 
lie  time  of  this  writing,  no  appropriate  CMOS  devices  are 
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available.  The  M6840  NMOS  device  with  three  programmable 
counters  was  selected  (Ref  7). 

S  torage  Hardware 

The  actual  size  of  bubble  storage  required  depended 
on  several  variables: 

a.  number  of  input  parameters 

b.  sampling  rates 

c.  storage  reduction  methods  used 

d.  amount  of  storage  overhead  required 

e.  mission  length 

As  discussed  in  Chapter  I,  the  number,  rate,  and  type  of 
input  parameters  have  not  been  determined.  Therefore,  one 
simulation  objective  was  to  realistically  determine  the 
amount  of  hardware  required  for  a  given  set  of  the  above 
variables.  The  first  step  toward  simulating  the  storage 
hardware  was  to  determine  its  structure  by  examining  the 
functions  it  performed. 

The  storage  hardware  reailized  three  functions  (see 
Figure  l);  the  RAM  buffer  memory,  the  bubble  controller, 
and  the  MBM  with  its  associated  drive  circuitry.  The  RAM 
buffer  memory  was  required  for  two  reasons.  It  allowed 
data  from  a  particular  channel  (analog  or  digital)  to  be 
grouped  in  a  predefined  block  size.  Each  block  was  then 
labeled  with,  among  other  information,  the  channel  number. 
This  reduced  the  amount  of  MKM  storage  overhead  by  elimin- 
af  ing  the  need  to  channel  tag  each  piece  of  data.  The  RAM 
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buffer  memory  also  allowed  the  bubble  memory  to  be  com¬ 
pletely  powered  down  when  not  used,  thereby  reducing  the 
total  power  required  by  the  storage  hardware. 

RAM  Buffer  Sizing .  In  selecting  the  RAM  buffer 
required,  several  conflicting  criteria  were  considered: 

a.  minimization  of  total  power  for  RAM  buffer  and 
MBM 

b.  IFPDAS  software  data  structure  requirements 

c.  reduction  of  percentage  of  block  header  overhead 

d.  reduction  of  block  manipulations  due  to  sampling 
errors 

e.  packaging  requirements 

To  address  the  first  criterion,  a  test  was  conducted  which 
simulated  the  effect  of  powering  the  MBM  down  when  not  in 
use.  The  objective  was  to  determine  the  relationship 
between  the  amount  of  RAM  buffer  and  the  total  power 
required  by  the  storage  hardware  (RAM  buffer  and  MBM).  A 
single  channel,  was  sampled  at  156  samples  per  second, 
which  was  slightly  above  the  total  rate  specified  for  the 
original.  12  parameters.  The  program  halted  after  a  pre¬ 
defined  number  of  channel  blocks  were  written  to  the  Rock¬ 
well  MBM.  The  percent  of  time  the  MBM  was  powered  up  was 
recorded  for  RAM  buffer  sizes  from  IK  to  5K  in  increments 
of  IK.  A  variation  of  the  test  was  also  run  to  determine 
the  effect  of  sampling  multiple  channels.  For  this  test, 
12  channels  were  sampled,  but  the  LoLal  sampling  rate  for 
the  channels  was  kept  at  156  samples  per  second.  in  all 
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approximately  1.7X.  Consequently,  at  slew  sampling  rates 
typical  for  the  IFPDAS,  the  percent  of  MUM  "on"  time  was 
independent  of  the  amount,  of  RAM  buffer  memory.  Therefore, 
to  minimize  the  totaL  storage  hardware  power  required  that 
only  Lite  RAM  buffer  [lower  be  minimized. 

At  program  initialization  each  active  channel  was 
allocated  a  block  of  RAM  buffer,  where  each  block  was  of 
equal  size.  When  a  particular  channel's  block  was  full,  a 
new  block  of  RAM  buffer  was  allocated  and  the  full  block 
was  so  flagged.  This  sequence  required  that  the  RAM  buffer 
contain  at  least  one  more  block  of  data  than  active  chan¬ 
nels.  Since  all  channels  may  be  active,  the  RAM  buffer  must 
have  at  least  21  blocks  of  data;  16  analog  channels,  four 
digital  channels,  and  one  extra.  If  the  RAM  only  contained 
one  more  block  than  the  number  of  active  channels,  the  MBM 
was  required  to  be  on  continuously. 

The  overhead  associated  with  each  block  of  data  con¬ 
sisted  of  the  block  header.  The  header  was  made  up  of  the 
channel  identification  (1  byte),  the  block  start  time  (2 
bytes),  and  the  first  value  (1  byte),  making  the  block 
header  four  byLes  long.  To  keep  the  MUM  overhead  to  5%  or 
less,  the  blocks  must  be  at  least  82  bytes  long,  requiring 
the  21  block  RAM  buffer  to  be  at  least  1722  bytes  long. 

The  term  "range  error,"  sometimes  referred  to  as 
"slope  overload,"  describes  the  inability  to  represent 
difference  values  by  a  specified  (reduced)  number  of  bits. 
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(The  reasons  for  saving  difference  values  instead  of  the 
values  themselves  are  discussed  in  Chapter  III.)  When  a 
range  error  occurs,  the  remaining  data  in  the  block  in  which 
the  range  error  occurred  will  be  incorrect  and  must  be  cor¬ 
rected  in  some  manner.  Obviously,  the  smaller  the  block 
size,  the  less  correction,  on  the  average,  must  be  done  to 
correct  for  the  range  error  occurrence.  (Methods  of 
handling  range  errors  are  also  discussed  in  Chapter  III.) 

The  most  important  criterion  for  RAM  buffer  size  selec¬ 
tion  was  the  IFPDAS  packaging  requirement,  which  dictates 
high  density,  low  power  devices.  The  amount  of  RAM  neces¬ 
sary  for  at  least  21  blocks  of  buffer,  plus  that  required 
for  IFPDAS  software,  was  slightly  over  2K  of  RAM.  Table  I 
specifies  two  HM6116  static  CMOS  RAM  chips.  These  2Kx8 
chips  have  the  highest  density  at  the  lowest  power  currently 
available.  The  extra  memory  will  allow  for  future  prepro¬ 
cessing  capabilities,  as  well  as  allowing  the  block  size 
to  be  adjusted  according  to  mission  needs. 

Magne tic  Bubble  Memo ry .  There  were  three  MBM  devices 
available  to  choose  from  for  a  near-term  IFPDAS  realization. 
The  Texas  Instruments  96-kilobit  MBM  was  eliminated  because 
of  its  low  package  density  and  lack  of  support  hardware. 

The  Rockwel l  256-kilobit  MBM  (used  in  the  simulation  hard¬ 
ware)  was  also  eliminated.  Its  relatively  low  package 
density,  as  well  as  lack  of  special-purpose  LSI  control 
chips,  precluded  meeting  the  power  and  volume  requirements 
(Refs  8  and  9).  The  Intel  Magnetics  one-megabit  MBM  and 


its  support  electronics  was  chosen  as  the  most  promising 
for  a  near-term  IFPDAS  realization  (Ref  10).  The  most 
appealing  aspects  of  the  Intel  bubble  were  its  relatively 
high  package  density  and  special-purpose  support  elec¬ 
tronics,  both  of  which  greatly  reduced  the  physical  space 
and  power  required  by  the  storage  hardware.  The  support 
electronics  consisted  of  a  bubble  memory  controller  chip 
capable  of  controlling  eight  bubble  memory  devices,  and 
five  other  chips  which  supply  the  drive  and  timing  signals 
to  the  bubble  device.  To  provide  the  capability  to  test 
higher  density  devices,  while  keeping  the  results  tied  to 
a  currently  available  device,  only  the  structure  of  the 
Intel  bubble  was  simulated.  The  amount  of  bubble  memory, 
as  well  as  RAM  buffer  memory,  were  varied  in  the  simulation 
l rom  run- to- run . 

Using  the  sampling  rates  shown  in  Table  II,  the  amount 
of  MBM  required  was  2,073,600  eight-bit  bytes  for  a  four- 
hour  mission.  The  Delta  Continuous  Storage  Method  (dis¬ 
cussed  in  Chapter  III)  reduced  by  half  the  amount  of  storage 
required.  (The  other  techniques  discussed  in  Chapter  III 
had  greater  potential  for  data  reduction,  but  only  this 
storage  technique  guaranteed  a  reduction  by  half.)  This 
implied  that  at  least  1,036,800  eight-bit  bytes  were 
required  to  insure  sufficient  storage  for  a  four-hour  mis- 
s  ion . 

For  a  near-term  realization,  eight  Intel  MBM  devices, 
providing  1,048,576  eight-bit  bytes,  are  required.  Figure  3 
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Fig.  3.  IFPDAS  Layout --One -ha If  Scale 


i s  a  one-half  scale  drawing  of  the  proposed  1FPDAS  layout. 
Because  of  the  obvious  crowded  conditions,  the  IFPDAS  power 
would  be  supplied  by  another  module.  The  crowded  condi¬ 
tions  make  routing  of  the  address,  data,  and  control  busses 
difficult,  necessitating  the  use  of  multilayered  printed- 
circuit  boards.  Also,  the  existing  Intel  printed- circui t 
board  is  too  large  and  requires  a  redesign. 

It  is  evident  from  the  above  discussion  that  the  capa¬ 
bility  of  the  IFPDAS  is  limited  by  the  density  of  the  MBM 
currently  obtainable.  Recent;  experimental  and  theoretical 
results  by  Bell  Labs  (Ref  11)  promise  a  quadrupling  of  the 
storage  densi.Ly  at  a  bit  rate  per  device  of  one  million 
bits  per  second  or  greater,  as  compared  to  the  50-100 
thousand  bits  per  second  of  existing  devices.  Bubble  move¬ 
ment  was  derived  from  patterned  conducting  sheets  instead 
of  orthogonal  field  coils.  This  had  Lite  added  benefits  of 
reducing  the  power  required  by  the  MBM  device,  simplifying 
the  control  circuitry,  and  further  reducing  the  physical 
space  required.  Also,  the  device  required  a  single  five- 
volt  source  rather  than  the  five-  and  twelve-volt  sources 
currently  required.  This  would  eliminate  the  need  for 
multiple  power  sources  in  the  IFPDAS. 

S  i  mil  1  a  t  i  on  lla  rdwa  re 

The  objective  of  the  simulation  hardware  was  to  dupli¬ 
cate  both  the  control  hardware  and  the  storage  hardware 


structures  as  closely  as  possible  to  simulate  IFPDAS 


operations.  The  simulation  hardware  was  chosen  to  meet 
structural  and  functional  requirements  and  to  be  readily 
available.  The  remainder  of  this  section  discusses  the 
specific  hardware  used  for  the  simulation.  The  intercon¬ 
nections  of  the  simulation  hardware  are  shown  via  the  block 
diagram  in  Figure  4. 

Kockwe 1 1  System-65 .  The  heart  of  the  simulation  hard¬ 
ware  was  the  Rockwell  System-65  minicomputer  (Ref  12).  It 
performed  the  System  Control  function  of  the  controller 
hardware.  The  System-65' s  MBM  subsystem  (Ref  13)  also 
enabled  it  to  perform  all  functions  associated  with  the 
storage  hardware.  The  MBM  subsystem  consists  of  a  MBM  con¬ 
troller  board  and  up  to  16  MBM  boards  (two  MBM  boards  were 
used  In  the  simulation).  Each  MBM  board  has  four  256- 
kilobit  devices  along  with  drive  circuitry.  The  structure 
of  the  System-65  matched  the  structure  chosen  for  the 
minimum  configuration  1FPDAS. 

The  System-65  was  specifically  designed  to  aid  in  the 
development  of  microcomputer  software  systems.  Its  develop¬ 
ment  support  includes: 

a.  a  ROM  resident  interactive  system  monitor 

b.  a  ROM  resident  assembly  language  compiler 

c.  a  ROM  resident  debut  routine 

d.  a  higher  order  language  compiler  (PL-65) 

e.  two  mini- floppy  disks  and  support  software 

1.  hardware  in-circuit  emulator 
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are  Block  Diagram 


g.  an  lil’ROM  prugranuner 

h.  parallel  and  serial  terminal  support  from  110  to 
9600  baud 

The  simulation  software  developed  on  the  System- 65  could 
be  easily  transitioned  to  a  R6502  microcomputer-based  1FPDAS 
prototype.  This,  along  with  its  existing  MBM  capability, 
made  the  System-65  ideally  suited  as  the  simulation  host 
much i ne . 

l)jjt_a  Ac(|u  1  s  i  L  i  on  Hardware  board.  The  remaining  func¬ 
tions,  analog  and  digital  channel  interface  and  Lite  Mission 
Run  Clock,  were  simulated  on  a  data  acquisition  hardware 
hoard.  While  the  board  was  functionally  equivalent  to  that 
specified  for  the  minimum  configuration  1FPDAS  hardware,  it 
contained  some  nonessential  hardware.  See  Appendix  B  for 
detaiLs  of  tile  Data  Acquisition  Hardware  board. 

The  analog  channel  interlace  function  was  performed  by 
two  40-pin  chips;  the  ADC0817  data  acquisition  chip 
described  earlier  for  the  IFPDAS  prototype,  and  the  R6522 
Versatile  Interface  Adaptor  (VIA)  (Ref  14:  Sec  6).  The 
R6522  VIA  has  two  peripheral  ports,  eacli  with  Lwo  control 
lines,  which  provided  an  interface  between  the  System-65 
and  the  AIH108I7  data  acquisition  chip. 

The  R6527  VIA  also  has  two  independent  16-bit  inter¬ 
val  I imers  which  were  used  to  provide  a  programmable  Mission 
Run  Clock.  The  first  timer  was  programmed  to  provide  a 
pulse  at  l he  basic  sampling  interval,  while  the  second 
t  inter  counted  the  number  of  pulses  to  provide  lb  hits  of 
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L ho  24  bits  required  tor  the  Mission  Run  Clock.  The  remain¬ 
ing  eight  bits  were  realized  by  incrementing  a  memory  loca¬ 
tion  whenever  Lhe  Mission  Run  Clock  counter  overflowed. 

Tlie  Rb'}22  VIA  also  contains  a  serial  input/output  eight-bit 
shift  register  which  might  be  useful  during  1FPDAS  proto- 
Lyp  Lng . 

Two  digital  channels  were  provided  by  the  MC6820 
Peripheral  Interface  Adaptor  (P1A).  Both  of  the  PlA's 
parallel  ports  have  programmable  control  lines  for  hand¬ 
shaking  with  the  external  device  as  well  as  an  interrupt 
signal  to  the  microcomputer.  The  System-65  has  two  addi- 
t  ional  digital  ports  which  could  be  used  for  simulation-- 
tlie  serial  port,  to  which  Lhe  system  terminal  is  attached, 
and  the  parallel  pri.nt.er  port.  (Ref  12);  however,  neither 
was  used. 

The  data  acquis  it  i  on  hardware  board  also  has  a  M6840. 
The  Mn840  contains  three  independent  16-bit,  programmable 
interval  timers.  This  chip  was  added  as  a  tool  for  sirnula- 
i  I  on  . 
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Ill  Software 


This  chapter  deals  with  the  1FPDAS  controller  simula¬ 
tion  software.  First,  the  simulation  software  design  is 
discussed  and  a  detailed  description  given.  Next,  an 
analysis  of  the  sampling  rate  to  insure  signal  reproduci- 
hi  lity,  followed  by  a  discussion  of  the  data  reduction 
storage  methods  used,  is  given.  Lastly,  the  analog  sampling 
delays  due  lo  simultaneous  request  and  the  possible  sampling 
jitter  they  cause  are  considered.  The  worst-case  ji.Lter  is 
closely  examined  and  a  method  to  reduce  the  occurrence  of 
jitter  is  presented. 

I  )_e  s  i.gn  M ejJ lod 

The  simulation  software  was  designed  in  a  top-down 
(sometimes  called  structured  programming)  manner.  Myers 
defined  structured  programming  as  "the  attitude  of  writing 
code  with  t lie  intent  of  communicating  with  people  instead 
of  machines"  (Ref  15:130).  While  he  did  not  give  a  more 
precise  definition,  he  did  define  five  "acceptable”  pro¬ 
gramming  constructs  which  produce  readable  code.  These 
five  constructs,  shown  in  Figure  5,  were  used  extensively 
in  the1  software  design.  Other  structured  programming  "do's" 
and  "don't  s"  t  hat  were  used  as  design  guidelines  are  as 


a.  software  modules  performed  a  single  function 

b.  module  independence  was  maximized 

c.  module  coup  Ling  was  minimized 

d.  module  size  was  small 

e.  modules  were  predictable  (had  no  memory  of  pre¬ 
vious  calls  that  modified  the  execution) 

Certain  guidelines  of  "pure"  structured  programming  were, 
however,  violated.  Specifically,  because  of  the  real-time 
aspects  of  manipulating  certain  array  variables,  the  use 
of  global  array  variables  was  necessary  for  those  cases. 

The  use  of  global  variables  resulted  in  some  data  handling 
subroutines  being,  t.o  a  large  degree,  dependent  on  the  data 
structure  chosen,  another  violation  of  "pure"  structured 
programming  practices.  In  both  cases,  the  degree  of  pro¬ 
gram  complexity  and  obscurity  was  significantly  reduced, 
and  it  was  determined  that  this  departure  from  the  struc¬ 
tured  programming  approach  was  warranted. 

S oft  wa  r  e  hes  i  gn 

The  suit  ware  was  designed  in  two  parts:  the  preflight 
and  postflight  software,  and  the  real-time  mission  run 
software.  The  pre-flight  software  allowed  the  operator  to 
initialize  the  particular  mission  scenario  for: 

a.  signal  parameter  characteristics 

b.  basic  sampling  interval 

c . 


RAM  buffer  size 


d.  MBM  size 


e.  mission  end  time 

The  postflighl  software  allowed  the  contents  of  the  MBM  to 
be  dumped  in  a  graphic  format  to  a  specified  device/purt. 
For  both  preflight  and  postflight  software,  existing 
System-65  input/output  routines  were  used  as  required. 

This  allowed  more  attention  to  be  focused  on  the  mission 
run  software. 

The  mission  run  software  duplicated,  as  closely  as 
possible,  the  real-time  operation  of  the  minimum  configura¬ 
tion  LFPDAS.  Exact  duplication  was  not  possible  due  to 
simulation  overhead  calculations  such  as  the  amount  of 
time  the  bubble  was  powered  up/down.  The  simulation  over¬ 
head  was  kept  to  a  minimum  and  did  not  appreciably  affect 
system  performance.  The  program  listing  is  given  in  Appen¬ 
dix  A. 

So  ft ware  Descript  ion 

The  mission  run  software  was  designed  using  the  inter¬ 
rupt  capability  of  the  R6502  microcomputer.  When  an  inter¬ 
rupt  request  (IRQ)  signal  was  detected  by  the  microcomputer 
the  Main  program  was  halted  and  the  interrupt  handler 
polled  the  possible  requesting  devices  in  the  order  given: 

a.  Mission  Run  Chock -overflow-  --  -  - - - - - 

b.  Basic  System  Clock  timeout 

c.  A/D  conversion  complete 
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The  order  in  which  the  requesting  devices  were  polled  dic¬ 
tated  the  relative  priority  of  each  device.  This  interrupt 
polling  method  was  chosen  over  a  hardware-vectored  inter¬ 
rupt  method  to  keep  the  control  hardware  minimized.  With 
the  relatively  slow  sampling  rates  of  the  original  12  param¬ 
eters,  the  interrupt  polling  method  proved  more  than  ade- 
q  ua  t  e  . 

The  Ma 1 n  Program .  The  Main  program  continually  moni¬ 
tored  tlie  status  of  the  RAM  and  MBM.  When  it  was  determined 
that  the  available  RAM  buffer  memory  was  at  or  below  a  pre¬ 
defined  level  (usually  202),  the  Main  program  powered  up 
the  MBM  and  evoked  a  subroutine  to  flush  the  data  from  RAM 
buffer  to  the  MBM.  All  full  blocks  associated  with  the 
fastest  channel  were  flushed  and  the  pointers  were  updated 
before  the  next- fastest  channel  was  considered.  When  a 
particular  block  of.  .RAM  buffer  was  flushed,  it  was  returned 
to  a  sLack  of  available  memory  for  subsequent  use.  When 
all  active  channels  had  been  flushed  to  the  MBM,  the  Main 
program  again  checked  the  amount  of  available  RAM  buffer 
memory  before  powering  down  the  MBM  and  starting  the 
sequence  again.  Powering  up  and  down  of  the  MBM  was  simu¬ 
lated  because  thaL  feature  was  not  available  on  the 
System -65. 

Basic  System  C luck  Interrupt .  The  Basic  System  Clock 
was  a  16-bit  programmable  timer  which  provided  the  basic, 
elemental  time  increments.  Each  channel's  sampling  inter¬ 
val  could  then  he  programmed  as  an  integer  multiple  (1-255) 
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of  this  basic  time  increment.  The  input  to  the  Basic  Sys¬ 
tem  Clock  was  the  one-megahertz  microcomputer  clock. 

An  interrupt  occurred  each  time  the  Basic  System  Clock 
counted  the  predefined  number  of  one-megahertz  pulses.  The 
interrupt  handler  then  checked  each  channel  (fastest  chan¬ 
nels  first)  to  see  which  should  be  sampled.  When  it  was 
determined  that  a  channel  should  be  sampled,  the  A/D  con¬ 
version  was  initiated,  and  the  mission  run  time  for  that 
sample  was  saved.  If  the  A/D  converter  was  busy,  a  flag 
was  set  to  indicate  the  channel  needed  to  be  sampled.  When 
all  channels  were  checked,  program  control  was  returned  to 
the  Main  program. 

Miss  ion  Run  Clock  Interrupt .  The  purpose  of  the  Mis¬ 
sion  Run  Clock  was  to  provide  a  count  of  the  number  of  ele¬ 
mental  time  increments  throughout  the  entire  mission.  For 
this  simulation,  the  Mission  Run  Clock  was  realized  as  a 
L6-biL  hardware  counter  and  a  memory  location  to  store  the 
number  of  clock  overflows.  This  resulted  in  a  24-bi.t  Mis¬ 
sion  Run  Clock. 

An  interrupt  was  generated  when  the  16-bit  hardware 
counter  overflowed.  The  Mission  Run  Clock  handler  then 
incremented  the  overflow  memory  location  and  checked  to  see 
if  the  allowed  simulation  time  had  elapsed.  LI  the  allowed 
simulation  time  had  elapsed,  the  simulation  was  halted; 
otherwise  program  control  was  returned  to  the  Main  program. 

A/D  Ct, peers  i  on  Comp  1  ete  1  nterrupt  .  An  interrupt  was 
generated  by  the  A/D  converter  upon  conversion  completion. 


15 


The  End-of-Conversion  handler  first  saved  the  value  just 
converted  and  then  checked  to  see  if  any  other  channels 
(starting  with  the  fastest)  were  flagged  as  needing  to  be 
sampled.  If  a  channel  was  so  flagged,  conversion  for  that 
channel  was  initiated  and  its  flag  cleared.  The  handler 
then  determined,  according  to  the  particular  storage 
method,  if  the  converted  value  just  saved  should  be  kept, 
if  the  data  was  to  be  kept,  it  was  formated  as  dictated  by 
the  storage  method  for  that  channel,  and  placed  in  a  block 
of  RAM  buffer  designated  for  that  channel.  if  the  place¬ 
ment  of  the  data  filled  the  block,  then  another  block  was 
allocated  from  the  list  of  available  RAM  buffer  memory,  and 
channel  header  information  written  on  the  block.  Control 
was  then  returned  to  the  Main  program. 

Channe  1  Service  Request  Interrupt .  The  channel 
service  request  provided  an  alternate  means  for  sampling 
data.  instead  of  sampling  ’’e  data  at  predefined  intervals, 
the  channel  was  only  sampled  upon  request.  This  method  was 
used  exclusively  for  the  digital  channels  during  the  simu¬ 
lation,  but  could  be  used  for  analog  channels.  Likewise, 
the  digital  channels  could  be  automatically  sampled  at  pre¬ 
defined  intervals,  as  was  done  with  the  analog  channels. 

The  sLorage  meLhod  used  tor  a  channel  service  request 
was  the  continuous  method;  however,  variations  of  any  of 
the  storage  meLhods  discussed  later  in  this  chapter  could 
be  used  under  appropriate  conditions. 
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Channe  1  Sampling, 

This  section  deals  with  several  aspects  of  channel 
sampling.  First,  the  sampling  rate  to  insure  signal  repro¬ 
duction  is  discussed.  The  storage  methods  used  in  the  simu¬ 
lation  are  then  described.  Lastly,  the  three  storage  reduc¬ 
tion  methods  are  compared  to  the  Continuous  Storage  Method, 
and  the  benefits  and  drawbacks  of  each  are  examined. 

Signal  Reprodue  t  i on  .  The  Shannon  Sampling'  Theorem 
defines  the  sampling  rate  that  assures  the  complete 
recovery  of  a  band-limited  signal  (after  appropriate  filter¬ 
ing).  This  theorem  can  be  stated  as  follows: 

if  a  continuous,  band- limited  signal  contains  no  fre¬ 
quency  components  higher  than  fc,  then  the  original 
signal  can  be  recovered  without  distortion  if  it  is 
sampled  at  a  rate  of  at  least  2f  samples  per  second. 
(Ref  16)  L 

This  concept  is  illustrated  in  Figure  6.  The  frequency 

spectrum  of  the  signal  being  samp  led  is  repeated  at  t  lie 

sampling’  frequency. 

I (  the  sampling  frequency,  f  ,  is  at  least  twice  the 
signal's  cutoff  frequency,  no  "frequency  folding"  occurs, 
in  reproducing  the  original  signal,  frequency  folding 
causes  distortion.  The  effect  of  an  inadequate  sampling 
rate  produces  a  phenomena  called  aliasing,  in  which  the 
signal  appears  to  vary  at  a  much  slower  frequency  (called 
the  alias  frequency).  This  effect  is  shown  in  Figure  7  for 
a  sinusoidal  input. 

As  indicated  in  Figure  6,  recreation  of  the  original 
signal  required  an  ideal  low-pass  filter,  a  mathematical 
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Fig.  6.  Frequency  Spectra  Demonstrating  the 
Shannon  Sampling  Theorem 

iiction.  However,  the  error  from  a  realizable  low-pass 
til  ter  can  be  made  arbitrarily  small  by  increasing  the 
order  of  the  filter.  In  practice,  however,  aliasing  is 
reduced  by  increasing  the  sampling  frequency,  1:  A  rule 

oi  thumb  is  to  sample  six  to  eight  times  the  signal's 
highest  frequency  component. 

Peso  t ipt i on  o  f  S  to r age  Methods .  Each  storage  method 
presented  in  this  section  had  its  own  strong  and  weak 
points.  Each  parameter  input  should  be  examined  and  matched 
to  the  appropriate  storage  method  according  to  the  guide¬ 
lines  presented. 
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ACTUAL  SIGNAL 


Fig.  7.  Aliasing  Caused  by  an  Inadequate 
Sampling  Rate 

Five  storage  methods  were  suggested  by  Hill  to  reduce 
the  storage  required  (Ref  3:15-20,51-60).  Of  those,  the 
continuous  and  variable  change  methods  were  judged  both 
feasible  and  within  the  1%  error  guideline.  A  variation 
of  each  method,  Delta  Continuous  and  Modified  Variable 
Change,  is  also  presented  in  the  following  discussion. 

Continuous  Storage  Method .  The  Continuous  Storage 
Method  (CSM)  saved  the  data  value  for  each  sample  taken. 
Because  each  sample  was  stored,  and  the  time  between  samples 
was  known,  there  was  no  need  to  time  tag  the  individual 
samples.  This  method  added  no  additional  error  above  that 
of  the  A/D  converter  alone  (less  than  0.2X)  and  had  the 


smallest  overall  error  of  the  methods  examined.  Although 
this  method  had  the  highest  accuracy  of  the  methods 
examined,  it  also  lacked  potential  for  storage  reduction. 
Table  III  shows  the  storage  required  for  a  four-hour  mis¬ 
sion.  The  CSM  should  be  used  for  signals  which  require 
maximum  accuracy. 


TABLE  Ill 

FOUR-HOUR  STORAGE  REQUIRED  FOR  CONTINUOUS 
STORAGE  METHOD 


Samples  per  Second 

Storage  Required 
(eight-bit  bytes) 

20 

288,000 

8 

115,200 

4 

57,600 

2 

28,800 

Delta  Cont inuous  S torage  Method .  The  Delta  Continuous 
Storage  Method  (DCSM)  differed  from  the  CSM  in  that  the 
sign  plus  two's  complement  difference  between  the  current 
value  and  the  previously  stored  value,  rather  than  the 
current  value  itself,  was  stored.  The  difference  was  repre¬ 
sented  in  a  four-bit,  sign  plus  two's  complement  format, 
as  shown  in  Figure  8.  This  method  reduced  the  storage  to 
half  that  required  by  the  continuous  method.  This  storage 
reduction  was  not  without  cost.  Storing  the  difference, 
rather  than  the  value,  required  the  difference  be  in  the 
range  of  possible  four-bit,  sign  plus  two's  complement 
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SIGN  PLUS  TWO'S  COMPLEMENT 
DIFFERENCE  FOR  DATA  n 


SIGN  PLUS  TWO'S  COMPLEMENT 
DIFFERENCE  FOR  DATA  (n+1) 

Fig.  8.  Delta  Continuous  Storage  Method  Format 

numbers  (-8  to  +7) .  A  difference  value  larger  than  this 
resulted  in  a  range  error  and  caused  the  subsequent  data 
within  a  block  of  data  to  be  incorrect.  (By  storing  the 
first  value  in  the  block  header,  the  rippling  effect  was 
limited  to  a  single  block  and  did  not  carry  over  to  the 
next  block.)  The  accuracy  associated  with  this  method 
depended  on  Lhe  value  chosen  as  the  minimum  reportable 
amount  of  change,  C.  The  current  difference  value,  D  ,  was 
calculaied  to  Lhe  nearest  whole  number  as 

D  -  (last  value  saved)  -  (this  value) 

n  - - - - - — — - 


where 

(this  value) 


value  just  obtained 
conversion 


C  x  D 


n-  1 


from  A/D 


U 


(  last  value  saved) 


At  a  given  sampling  rate,  a  larger  C  value  reduced  the 
amount  of  storage  required  and  reduced  the  probability  of 
having  a  range  error,  but  did  so  at  the  expense  of  accuracy. 
Table  XV  shows  the  relationship  between  a  given  C  value  and 
the  maximum  error  possible  due  to  A/D  conversion  and  storage 
for  this  and  the  remaining  methods  used. 


TABLE  IV 

RELATION  BETWEEN  MINIMUM  REPORTABLE  CHANGE 
AND  THE  ERROR  ASSOCIATED 


Minimum  Reportable 

Change,  C 

Maximum  Error  Due  to  A/D 
Conversion  and  Storage 

1 

0.7% 

2 

1.17% 

3 

1.56% 

4 

1.95% 

5 

2.34  % 

Variable  Change  Storage  Method .  The  Variable  Change 
Storage  Method  (VCSM) ,  like  the  DCSM,  stored  the  difference 
between  the  current  value  and  the  previously  stored  value, 
rather  than  the  va Lue  itself.  The  accuracy  associated  with 
the  VCSM  also  depended  on  the  C  value  selected,  and  is 
shown  in  Table  IV.  The  VCSM  stored  data  only  when  the  cur¬ 
rent  value  differed  from  the  previously  stored  value  by  at 
least  C.  This  required  each  difference  value  to  be  time 
Lagged  with  the  number  of  elapsed  sampling  intervals  since 
the  previously  stored  sample.  Figure  9  shows  the  format 
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ELAPSED  TIME  INTERVALS  FOR  DATA  n 


MAGNITUDE  OF  CHANGE  MAGNITUDE  OF  CHANGE  FOR 
FOR  DATA  n  DATA  (n+1) 

I  i  !  r . i - i - 1 

!  ! 


EIAPSED  T ' ME  INTERVALS  FOR  DATA  (n+1) 


SIGN  FOR  DATA  (n+1) 


Fig.  9.  Variable  Change  Storage  Method  Format 

used  for  the  VCSM.  If  the  input,  signal  did  not  change  by 
at  least  C  before  the  Lime  Lag  overflowed  (128  sampling 
intervals),  a  "no  change"  value  was  saved.  Therefore,  the 
t  irne  correlation  from  sample  to  sample  was  maintained. 

Table  V  represents  the  storage  required  for  different 
sampling  rates  in  terms  of  the  maximum  and  minimum  number 
of  eight-bit  bytes  required.  The  numbers  represent  the  data 
generated  by  one  input  signal  during  a  four-hour  mission. 

The  maximum  storage  was  required  when  every  sample  taken 

A  i 


TABLE  V 


FOUR-HOUR  STORAGE  REQUIREMENTS  FOR 
VARIABLE  CHANGE  STORAGE  METHOD 


Rate 

(Samples  per  Second) 

Storage  (eight-bit  bytes) 
Minimum  Maximum 

20 

3375 

A32 ,000 

8 

1  350 

172,800 

A 

675 

86, A00 

) 

337.5 

A3, 200 

differed  frum  the  previous  by  aL  least  C.  The  minimum 
storage  was  required  when  the  input  signal  was  stored  only 
as  the  time  Lag  overflowed.  The  minimum  values  indicated 
i  lie  VGSM's  potential  for  storage  reduction.  The  maximum 
values  indicated  the  storage  penalty  possible.  Like  the 
DCSM ,  this  me I  hod  required  the  difference  value  to  be 
within  the  allowable  range  (-IS  to  ♦ lb). 

Modified  Variable  Change  Storage  Met  hod .  The  Modified 
Variable  Change  Storage  Method  (MVCSM)  used  the  basic  data 
rue!  ure  o!  the  VCSM .  As  seen  in  Figure  10,  the  MVCSM 
saved  one  data  entry  (t  i me  tag  and  difference  value)  in  a 
single  eight -hit  byte.  As  shown  in  Table  VI,  this  method 
had  a  potential  lor  storage  reduction,  although  less  than 
that  of  the  VCSM.  However,  lot  the  worst-case  condition 
where  every  sample  taken  was  stored,  the  storage  penalty 
was  no  worse  than  that  of  the  CSM . 


ELAPSED  SAMPLE  INTERVAL 


SIGN  PLUS  TWO’S  COMPLEMENT 
DIFFERENCE  VALUE 


) 


i 


Fig.  10.  Modified  Variable  Change  Storage  Method  Format 


TABLE  VI 

FOUR- HOUR  STORAGE  REQUIREMENTS  FOR 
MODIFIED  VARIABLE  CHANGE  STORAGE  METHOD 


Rate 

(Samples  per  Second) 


Storage  (eight-bit  bytes) 
Minimum  Maximum 


20 

18,000 

288,000 

8 

7,200 

113,200 

A 

3,600 

57,600 

2 

1,800 

28,800 

2 


As  with  the  previous  method  that  stored  differences, 
this  method  required  the  difference  to  be  in  the  allowable 
range  (-8  to  +7  in  this  case).  The  time  tag  overflowed  and 
a  "no  change"  entry  was  saved  after  16  sampling  periods  had 
elapsed.  Also,  like  the  previous  difference  methods,  the 
error  was  dependent  on  the  value  of  C  chosen. 

Storage  Method  Comparison .  A  graphical  representation 
of  the  amount  of  storage  required  by  each  method  is  shown 
in  Figure  11.  To  account  for  various  sampling  rates  or 
mission  lengths,  the  data  is  normalized  to  the  Continuous 
Storage  Method.  For  input  signals  which  change  by  a  small 
amount,  the  Continuous  Storage  Method  requires  the  full 
eight  bits  to  convey  as  little  as  one  bit  of  additional 
information.  For  storage-bound  applications  such  as  this, 
alternative  storage  methods  were  needed  for  these  types  of 
signals . 

The  last  three  storage  methods  discussed  above  were 
variations  of  what  the  literature  called  delta  pulse  code 
modulation  (Ref  17:218).  The  appeal  of  these  storage  types 
was  LhaL,  by  storing  the  difference  instead  of  the  signal 
itself,  fewer  bits  could  be  used  to  convey  essentially  the 
same  information. 

The  drawback  to  these  methods  was  that,  as  soon  as  the 
number  of  bits  was  defined,  an  allowable  range  of  variation 
1 rom  one  sample  to  the  next  was  also  defined.  These  methods 
should  be  used  only  for  signals  which  usually  do  not  vary 
by  more  than  the  method's  allowable  range.  As  long  as  the 
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signal  variations  from  sample  to  sample  were  less  than  or 
equal  to  the  allowable  range,  these  methods  worked  admirably. 
However,  when  a  difference  storage  method  was  used  for  input 
signals,  which  consistently  varied  by  more  than  the  allow¬ 
able  range,  one  of  two  courses  had  to  be  taken:  either  the 
sampling  rate  was  increased,  thereby  requiring  more  storage 
memory,  or  the  minimum  reportable  change,  C,  was  increased. 

Increasing  the  sampling  rate  to  eliminate  range  errors 
-frrr"tTause  the  resulting  storage  To  be  more- -thn-rr t-tcat-reauired 
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by  the  Continuous  Storage  Method.  In  a  test  case,  in  which 
a  zero  to  five-volt  sinusoidal  test  signal  was  sampled,  all 
difference  storage  methods  required  significantly  more  stor¬ 
age  than  the  Continuous  Storage  Method  because  the  sampling 
rate  was  increased  to  eliminate  range  errors. 

In  many  cases  the  occurrence  of  a  small  percentage  of 
range  errors  might  be  acceptable,  when  compared  to  the 
sampling  rate  required  to  insure  that  no  range  errors  occur. 
Whether  a  small  percentage  of  range  errors  is  knowingly 
allowed  or  not,  the  software  should  recognize  and  handle 
range  errors  to  prevent  erroneous  data  from  being  stored. 

In  the  simulation  conducted,  the  occurrence  of  a  range 
error  caused  the  software  to  stop  the  simulation  with  a 
"range  error"  message.  The  following  paragraphs  discuss 
possible  methods  of  handling  range  errors. 

One  way  to  handle  range  errors  would  be  to  discard  the 
entire  block  of  data  containing  the  error.  The  smaller  the 
block,  there  will  be  less  data  lost.  This  approach  would  be 
justified  if  the  amount  of  storage  memory  were  marginal,  the 
probability  of  a  range  error  were  small,  and  the  occurrence 
of  small  gaps  in  the  data  would  not  invalidate  the  entire 
Lest . 

If  preservation  of  all  data  were  necessary,  then  the 
program  could  zero- fill  the  remaining  portion  of  the  block 
and  start  a  new  block.  Again,  the  smaller  the  block,  the 
less  zero-filled  MBM  storage  there  will  be.  This  approach 


should  be  used  only  when  the  probability  for  range  error  is 
small,  to  prevent  excessive  zero-filled  storage. 

Another  approach  would  be  to  store  the  maximum  differ¬ 
ence  possible  until  the  signal  could  again  be  correctly 
represented.  This  approach  produces  a  "signal  tracking 
error"  whenever  range  errors  occur.  If  the  signal  tracking 
error  were  acceptable,  this  method  would  be  desirable  from 
a  storage  point  of  view. 

Lastly,  the  sampling  of  a  particular  channel  could  be 
adaptively  adjusted  throughout  the  mission.  For  instance, 
a  predefined  number  of  range  errors  would  cause  the  minimum 
reportable  change  or  the  sampling  rate  to  be  increased. 
Similarly,  repeated  storage  of  "no  change"  would  cause  the 
sampling  rate  or  the  minimum  reportable  change  to  be 
decreased.  If  required,  the  sampling  method  could  also  be 
adaptively  changed  to  match  signal  to  storage  method.  While 
this  approach  is  beneficial  in  many  respects,  it  would 
require  added  storage  overhead  (block  header  information) 
to  indicate  sampling  rate,  minimum  reportable  change,  and 
storage  method. 

The  second  course  to  prevent  range  errors,  increasing 
the  minimum  reportable  change,  C,  can  reduce  the  amount  of 
storage  required,  but  does  so  at  the  expense  of  sampling 
accuracy  (see  Table  IV).  For  the  IKISM ,  increasing  C 
allowed  the  sampling  rate  to  be  reduced,  thereby  decreasing 
the  amount  of  data  stored.  For  both  Lhe  VCSM  and  MVCSM , 
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increasing  C  also  resulted  in  more  "no  changes"  between  sam¬ 
ples,  further  reducing  the  amount  of  storage  required. 

A  qualitative  test  was  conducted  to  determine  the 
tradeoffs  between  sampling  accuracy  and  storage  requirement. 
A  zero  to  five  volt  sinusoidal  test  signal  was  sampled  using 
the  three  difference  methods  discussed.  The  test  was 
repeated  at  several  signal  frequencies.  Although  a  signal 
of  this  type  should  be,  in  reality,  sampled  continuously 
to  achieve  minimum  storage,  the  test  did  provide  an  indica¬ 
tion  of  the  tradeoff  between  accuracy  and  storage. 

Sampling  accuracy  was  varied  by  varying  the  minimum 
reportable  change,  C.  The  sampling  rates  were  set  at  the 
minimum  rate  possible  that  produced  no  range  errors.  There¬ 
fore,  every  sample  taken  was  stored  and  the  sampling  rate 
equaled  the  storage  rate.  The  storage  reduction  percentage 
proved  to  be  virtually  independent  of  the  signal  frequency. 
Table  Vi  I  shows  the  storage  percentage  reduction  for  the 
difference  methods  tested. 

Samp  Ling  Delays 

To  insure  reducibility  it  is  important  to  correlate 
the  samples  from  a  given  channel  with  time.  For  ease  of 
programming,  as  well  as  analysis,  the  time  between  samples 
should  be  equal.  When  sampling  multiple  channels,  each 
with  a  different  sampling  rate,  it  is  difficult  to  maintain 
equal  time  between  all  samples  for  all  channels. 


TABLE  VII 


DATA  REDUCTION  FOR  INCREASED  MINIMUM 
REPORTABLE  CHANGE,  C 


Minimum 

Rep 

ortable  C 

hange  ,  C 

Method 

2 

3 

4 

5 

Delta  Change 

Storage  Method 

63 % 

75 1 

83% 

86% 

Variable  Change 

Storage  Method 

5  7 1 

69 1 

77% 

82% 

Modified  Variable 

Change  Storage 

Method 

63% 

751 

83% 

86% 

A  collision  was  defined  as  the  occurrence  of  multiple 
channel  sampling  requests.  For  analog  channels  the  colli¬ 
sions  caused  the  nth  channel's  samples  to  be  delayed  in  time 

b;,  the  amount  (n-l)(Ts+T  ),  where  T.  was  the  time  to  deter- 

c  s  s 

mine  the  next  channel  and  start  its  conversion,  and  T  was 

c 

the  A/D  conversion  time.  For  digital  channels  the  delay 
was  (d-l)(Tj),  where  d  was  the  number  of  digital  channels 
and  T j  the  time  to  determine  the  next  channel  and  read  its 
value. 

Sampling  "jitter"  was  defined  as  a  fluctuation  in  the 
sampling  interval.  Two  sources  of  jitter  were  observed. 

The  first  was  a  one  to  five  microsecond  jitter  due  to  the 
random  nature  of  interrupt  request.  This  amount  of  jitter 
was  insignificant  when  compared  to  the  slow  varying  signals 


inconsistent  occurrence  of  collisions.  For  this  case,  the 
jitter  was  equal  to  the  delay  due  to  the  collision. 

As  shown  in  Figure  12,  no  sampling  jitter  was  observed 
when  collisions  occurred  consistently  at  each  sample  inter¬ 
val.  In  Figure  13,  the  jitter  for  this  case  was  eliminated 
by  sampling  the  faster  channels  first.  Figure  14  shows  that 
no  jitter  occurs  for  the  case  where  successive  channel  sam¬ 
pling  intervals  were  integer  multiples  of  their  predeces¬ 
sors.  Figure  15  shows  that  jitter  occurred,  however,  when 
all  channel  intervals  were  not  integer  multiples  of  each 
other . 

For  the  Lwo-channel  case,  the  repetition  interval  for 
channels  with  sampling  intervals  n-^T  and  n^T  was  (n-^n^)T, 
where  T  was  the  basic  system  time  interval,  n^<n2»  and  n2 
was  not  an  integer  multiple  of  n ^ .  A  theoretical  worst- 
case  jitter  of  approximately  19(Tg+T  )  would  occur  if  all 
20  channels  (analog  and  digital)  had  sampling  intervals 
that  were  not  integer  multiples  of  each  other.  For  an 
observed  (T  +T  )  of  approximately  300  microseconds,  the 
LheoreT'iccil  worst-cTase  delay  is  approximately  5.7  milli¬ 
seconds.  Sampling  intervals  which  are  not  multiples  of  each 
other  imply  that  they  be  prime  numbers  (say  Pq  through  P19) 
times  the  basic  sampling  interval,  T.  The  repetition  inter¬ 
val  for  such  a  jitter  would  be  (1’^  ■  •  Pj  •  •  •  P^g)T. 

This  theoretical  worst-case  jitter  delay  is  presented 
here  to  show  that  even  the  worst-case  jitter  possible  is 
only  approximately  U.%  of  a  50  millisecond  system  sampling 
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Fig.  14.  Integer  Multiple  Far  7  ling  Rate?  Eliminate  Jitter 


Jitter  Caused  bv  Inconsistent  Collisions 


interval.  With  the  frequency  of  the  worst-case  jitter 


being  (P^  •  ?2  •  •  •  Pj_gT)  ,  the  mission  would  run  at  least 

9  A 

(7.8x10“  )T  for  the  worst-case  jitter  to  occur.  For  T=50 
milliseconds,  a  worst-case  jitter  would  occur  approximately 
every  1.24x10^  years!  Therefore,  it  is  very  unlikely  that 
the  worst- case  jitter  would  ever  occur. 

For  the  sampling  rates  suggested  in  Table  I,  assuming 
fastest  channels  are  sampled  first,  the  worst-case  jitter 
would  be  -tl .  5  milliseconds  for  the  parameters  sampled  at 
eight  samples  per  second.  This  is  1.2%  of  the  .125  second 
interval,  and  occurs  at  every  sample. 

If  the  sampling  rate  were  just  twice  the  frequency  of 
the  highest  signal  component,  this  timing  jitter  would  pro¬ 
duce  a  maximum  possible  error  of  3.7%.  The  sampling  fre¬ 
quency  is  higher  than  twice  the  highest  signal;  therefore, 
the  error  produced  from  the  jitter  is  less  than  the  3.7% 
maximum.  If  this  error  were  determined  to  be  unacceptable, 
t  lie  sampling  rate  of  the  appropriate  parameters  could  be 
increased  from  eight  samples  per  second  to  ten  samples  per 
second.  The  sampling  intervals  would  then  be  integer 
multiples  of  each  other  and,  as  previously  shown,  no  jitter 
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would  occur. 


IV  Results  and  Recommendations 


The  proposed  IFPDAS  was  designed  using  current  state- 
of-the-art  devices.  The  design  consisted  of  an  eight-bit 
microcomputer  which  controlled  the  flow  of  data  from  one  of 
16  analog  or  four  digital  channels  to  MBM  storage.  Although 
Lhe  controller  design  was  simplistic,  its  capability  was 
s i gn i 1 i cant  1 y  beyond  that  required  by  the  IFPDAS.  This 
should  allow  this  basic  controller  design  to  be  used  with 
future  MBM  devices  at  much  higher  sampling  rates. 

Operational  software  was  designed  and  the  system  simu¬ 
lated  on  a  Rockwell  System-65  minicomputer  augmented  with 
two-megabits  of  MBM.  This  software  could  be  easily  trans¬ 
ferred  to  a  R6502-based  IFPDAS  prototype. 

It.  was  evidenL  from  the  start  that  any  design  using 
existing  MBM  devices  would  be  s t orage- l imi ted .  The  con¬ 
troller  portion  of  the  IFPDAS  was  designed  with  the  minimum 
amounL  of  hardware  possible.  This,  with  judicial  device 
selection,  insured  the  minimum  amount  of  power  and  physical 
space  for  the  controller  hardware  and  Lhe  maximum  remaining 
power  and  space  for  MBM  storage.  Sven  so,  the  IFPDAS  design 
using  eight,  one-megabit  Intel  MBMs  could  only  support  the 
storage  rate  of  the  12  original  parameters.  Greater  storage 
rates  were  possible,  but  only  at  the  expense  of  mission  dur¬ 
ation.  This  is  shown  graphically  in  Figure  16.  The 


SAMPLES  PER  SECOND 


MISSION  LENGTH  (HOURS) 


*  Assumes  sample  rate  twice  storage  rate 
**  Original  parameters 


Fig.  16.  Mission  Length  Versus  Storage  Required 

eight-megabit  line  represents  the  maximum  amount  of  MUM 
that  wiLi  fit  into  a  2x5x9  inch  IPFDAS  using  existing  state 
of-the-art  devices.  As  the  sample  rate  (and,  therefore, 
the  storage  rate)  increases,  the  eight-megabit  line  is 
crossed  at  shorter  mission  lengths. 

Although  the  device  chosen  to  convert  analog  signals 
did  not  have  an  internal  samp  1 e- and- ho  Id ,  one  could  be 
added  if  required.  Because  of  the  slow-varying  signals  and 
the  relatively  fast  A/D  conversion  Lime,  the  possible  error 
due  to  the  signal  changing  while  being  converted  was  insig¬ 
nificant  when  compared  to  probe  accuracy.  If  signals  of 
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higher  frequency  should  be  sampled  in  the  future,  the  deci¬ 
sion  to  omit  the  SAH  should  be  reconsidered. 

'L’he  RAM  buffer  memory  allowed  the  MBM  to  be  powered 
down  when  not  in  use.  At  the  slow  IFPDAS  sampling  rates, 
tlie  percent  of  MBM  "on"  time  was  independent  of  the  amount 
oi  RAM  buffer  available.  Size  selection  for  RAM  (system 
and  butter)  was ,  therefore,  based  mainly  on  power  and  space 
r  equ  i  reinen  t  s  . 

The  four  data  storage  methods  used  were: 

a.  Continuous  Storage  Method 

b.  Del  tp.  Cont  inuous  Storage  Method 
Variable  Change  Storage  Method 
Modified  Variable  Change  Storage  Method 

The  last  three  reduced  the  amount  of  storage  by  saving  the 
difference  between  values  rather  than  the  values  themselves, 
since  the  difference  could  be  stored  in  fewer  bits.  Also, 
the  last  two  methods  stored  differences  only  if  they  were 
larger  than  a  predetermined  value. 

If  the  difference  was  larger  than  the  bits  could 
represent,  a  range  error  occurred  and  the  current  data,  plus 
all  subsequent  data  in  the  block,  were  incorrect.  Two  ways 
to  prevent  range  errors  were  to  increase  the  sampling  rate 
or  to  increase  the  minimum  reportable  change  (or  minimum 
difference  value).  For  signals  which  had  wide  variations 
from  sample  to  sample,  increasing  the  sampling  rate 
required,  in  some  cases,  more  memory  storage  than  the  Con¬ 
tinuous  Storage  Method  would  have  required.  For  this 
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reason,  parameters  should  be  matched  to  storage  methods. 
Increasing  the  minimum  reportable  change  significantly 
reduced  the  amount  of  storage  memory  required,  but  did  so 
at  the  expense  of  data  accuracy.  Choosing  the  largest  value 
for  the  minimum  reportable  change  that  can  possibly  be 
tolerated  is  the  easiest,  most  straightforward  way  to 
reduce  storage. 

Several  methods  are  suggested  to  handle  range  errors 
when  they  occur.  If  memory  storage  is  at  a  premium,  the 
block  containing  the  range  error  can  be  discarded.  If 
accurate,  continuous  samples  are  important,  the  remaining 
block  can  be  zero-filled  and  a  new  block  started.  If  some 
error  can  be  tolerated,  the  maximum  difference  can  be 
stored  until  the  difference  saved  again  correctly  represents 
the  true  value.  Lastly,  sampling  can  be  adaptively 
adjusted  throughout  the  mission,  increasing  or  decreasing 
sampling  rates  or  minimum  reportable  change  and  changing 
the  storage  method  used. 

Consistent  sampling  intervals  are  important  for  repro¬ 
ducibility,  as  well  as  signal  analysis.  Inconsistent  sam¬ 
pling  intervals  or  "jitter"  are  caused  by  inconsistent, 
simultaneous  sampling  requests.  For  the  worst  case  pos¬ 
sible,  the  jitter  was  approximately  111  of  the  sampling 
interval.  The  jitter  which  can  be  expected  during  normal 
sampling  would  be  less  and  is  not  considered  significant. 
However,  jitter  can  be  totally  eliminated  by  sampling 
faster  channels  first  and  making  each  channel's  sampling 
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rate  an  integer  multiple  of  the  previous  channel's  sampling 
rate . 

It  is  evident  that  this  basic,  simplistic  design  is 
very  versatile  and  could  be  used  for  other  related  types  of 
applications.  One  in  particular  is  the  collection  of 
parachute  drop  data  (Ref  18) . 

It  is  recommended  that  an  IFPDAS  prototype  be  built 
using  the  components  specified  in  Chapter  II  or  their 
functional  equivalents.  This  construction  would  identify 
the  layout  and  interface  problems  of  packaging  MBM  alluded 
to  by  MBM  manufacturers  (Ref  10:49).  Also,  since  it  is 
reasonable  to  expect  that  the  next  generation  MBMs  will  be 
bus  compatible  with  existing  MBMs,  an  IFPDAS  with  increased 
speed  and  storage  capabilities  will  be  more  easily  realized. 
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Appendix  A 

IFPDAS  PROGRAM  LISTING 
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FHYSICOGGICAL  DATA  AOQUISIT 


.PAGE  0001 


LINE  #  LOC 

code 

LINE 

0002 

0000 

:**** ******  page  ZERO  VER1ABLES  ********** 

0003 

0000 

*=$0006 

0005 

0006 

FF 

NCHNLS  .BYT  $FF 

NUMBE8  CF  ACTIVE  CHANNELS  -  1 

0006 

0007 

IF 

NPORTS  .BYT  $FF 

NUMBER  OF  ACTIVE  POKES  -  1 

0008 

0008 

00 

ADBUSY  .BYT  $0 

A/D  BQSY  FLAG,  0-3  =  INDEX,  7  =  BUSY 

0009 

0009 

BUBNDX  *=*+1 

CURRENT  BUFFER  TO  BUBBLE  INDEX  POINTER 

0010 

OOOA 

CURBFA  *=*+2 

CURRENT  BUFFER  ADDRESS 

0011 

OOOC 

00 

BBIISY  .BYT  $0 

BUBBU;  BUSY  FI  AG,  0-3  -  INDEX,  4  =  CHAN/PCRT 

0012 

0000 

;  6  -  BURBLE  POWERED  FUG:,  7  =  BUBBLE  BUSY 

0013 

0000 

NL1NK  *-*+1 

NUMBER  OF  BLuCKS  IN  LINK 

0014 

000 E 

TL11K  *=*+2 

'TOP  OF  LLNIC'  Wltfl® 

0015 

0010 

NEWHLK  *=-+2 

ADDRESS  OF  BLOCK  JUST  DE-LLMCED 

0016 

0012 

OLDIUiC  *=*+2 

ADDRESS  OF  RIJXK  TO  HE  LIMED 

0018 

0014 

C11ANLS  *=*+16 

LIST  ACTIVE  CHAN,  0-3  =  (HAN,  4-5  =  METHOD, 

0019 

0024 

;  6 

BUBBIE  REQUEST ,  7  =  A/D  REQUEST 

0020 

0024 

COUNIV  *=*+16 

VARIABLE  TIMER  COUNTER 

0021 

0034 

POINTU  *=*+2 

USED  IN  'SAVE'  FOR  INDIRECT  ADD. 

0022 

0036 

CESKFTR  *=*+16 

CHANNEL  BL/XX  POINTER 

0023 

0046 

KKPNDX  *=*+1 

SAVE  INDEX  VALUE 

0024 

0047 

VDUF  *=*+1  ;A/D  ~  THIS  VALUE/IAST  VA1.UE  DIFFERENCE 

0025 

0048 

SDIIF  '*=*+1 

0026 

0049 

MDIFF  *=*+1 

0027 

004A 

CJ0UN1T  *=*+ 16 

//  TIME  INTERVALS  SINCE  VALUE  SAVED 

0028 

00 5 A 

CBKADO  *=*+32 

CHANNEL  BUFFAR  ADDRESS 

0029 

00/A 

OCHRIK  ’'<=*+32 

Q1ANNEL  BUFFER  INPUT  POINTERS 

0030 

009A 

LSTVAL  *=*+16 

IAST  A/D  VALUE 

0031 

OOAA 

lstp.m  '<=*+32 

LAST  AS D  TIME 

0032 

MX  A 

mSVAI.  *=*+16 

THIS  VALUE  OF  A/D  CONVERSION 

0033 

001 A 

THSTTM  *=*+32 

TIME  OF  IlllS  A/D  CONVERSION 

0034 

OOFA 

PORTS  *=*+4 

LIST  OK  ACTIVE  POKIS  -  BIT  7  =  NEED  BUBBLE  SERV 

0036 

OOFE 

ACUECY  *=*'+! 

0038 

00 IV 

; ********  INTERVAL  TIMER  ADERESS  DEI’INITIONS  ******** 

0040 

00  IF 

Ten  2 

= 

$AFE9 

;  WRITE  CONTROL  REG2 

0041 

00  IF 

;READ  STATUS  RIG 

0042 

OOFF 

TCTLI3 

$AFE8 

;CTL2  BIT’  — >  WRITE  CTL3 

0043 

00  IF 

CTL2  BIT  0  =  -  .  TE  CTL1 

<m 4 

OOFF 

READ  — >  NC  ■••'*6 ’ 

0045 

OOFF 

T1CNTK 

$AFEA 

;RL_  TIER  1  COUNTER 

0046 

OOFF 

WRITE  IBB  BUFFER  REG 

0047 

OOFF 

TILGHW 

= 

$AFEB 

; WRITE  TIMER  1  LATCH 

0048 

OOFF 

READ  USB  BUF1FR  REG 

0049 

OOFF 

T2CNTR 

* 

$AFEC 

;RFAD  T  LMKR  2  OOUNTER 

0060 

OOFF 

WRITE  IBB  BUFFER  RIG 

0051 

OOFF 

T2LCHW 

SC 

$AI’AD 

;WKITE  TIMER  2  LATCH 

0052 

00  IF 

READ  LSB  BUFFER  RIG 

0053 

OOFF 

T3CNTR 

* 

$AFEE 

; READ  TIMER  3  OOUNTER 

0054 

00  IF 

WRITE  IBB  BUFFER  REG 

0055 

OOIF 

T3LCHW 

* 

$AFEF 

;  WRITE  TIMER  3  LATCH 
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LINE  #  LOC 
0056  OOFF 


0058  OOFF 

0060  00 tY 
0061  OOFF 
0062  OOFF 

0064  OOFF 
0065  OOF!' 

0067  OOFF 
0068  OOFF 
0069  OOFF 
0070  OOFF’ 
007!  OOFF 
0072  OOFF 

i  a/t  ooff 

(0/4  OOFF 
00/5  OOFF 
0076  OOFF 

00/8  OOFF 
0079  OOFF 
0080  OOFF 
0)81  OOFF 
0187  fxj  l-i'* 
( OK!  OOFF 

0085  OOI'V 
0)86  OJFF 
008/  f<:!.v 
0)88  OOFF 

0090  OOFF 

0092  OOFF 
0093  OOFF 
0094  OOFF 
0095  00F!'' 
(MVi6  in;  Fi.' 

Oo(>7  i> 

I  *)<W  OOF1' 
(W)  0(tFF 
0100  ( »'•“•• 
OKU  OOF'.’ 
0K!2  DFF 
0103  GOFF 
O' I  )i\  00*''F 


010/  00  FT' 
01.08  OOFT’ 


CODE  LINE 


READ  LSB  BUFFER  REG 


;******  VIA  ADLRESS  DEFINITIONS  ****** 


PORTA  -  $AFFl 
1)DKA  =  $AFF3 
AUXCTL  =  $AF’FB 


.DEFINE  A/D  DATA  ADERESS 
1.P0RT  A  DATA  DIRECT  ION  REGISTER 
;AUXHARY  CONTROL  REGISTER 


PORTB  =  SAFFO  ; ADDRESS  OF  CHANNEL  SELECT  (0-F) 

DDR11  -  $AF'F2  ;  PORT  I!  DATA  DIRECTION  REGISTER 


T1 II.  =  SAFF6  ;  R/W  TIMER  1  LUW-LATCH 

T1HL  =  $AFT7  ;  R-ITMKR  1  HIGH  LATCH 

;W— ' TIMER  1  HIGH  LATCH  -  RESET  IRQ  MAG 

THE  =  $AF'F4  ;  R — TIMER  1  IjOW  COUNTER  -  RESET  IRQ  FLAG 

;  W— ' TIMER  1  LOW  LATCH 

T11IC  -  $AF’F5  ;  R — TIMER  1  HIGH  COUNTER 

;  W— ' TIMER  !  HIGH  COUNTER 
;  TIMER  1  HIGH  LATCH 

'TVER  j  LOW  LATCH  — >  IjOW  COUNTER 
;  START  NEW  TIME  INTERVAL  -  RESIT  IRQ  FLAG 


T2LL  -  5AKF8  ;  R — TIMER  2  LOW  COUNTER  -  RESET  IRQ  FLAG 

;  W— TIMER  2  IOW  LATCH 

rate  -  $AKF9  ;  R— TIMER  2  HIU1  COUNTER 

;  W—  TIMER  HIGH  OUNIER 

;  TIMER  >  IOW  lA'IllI  — >  TIMER  2  UJW  COUNIER 
TIMER  2  RESTART  COUNT 


SHFTRG 

-  $AFTA 

; SHIFT  RH.il.STTR  ADDRESS 

PCR 

-  $AFTC 

;PFKI1MERAL  CONIROL  REGISTER 

1FR 

-  SAFYD 

;  1NITRRLU’!'  FT  AG  REGISTER 

IKK 

-  $AFFK 

;  LNl'ERKL'lT  ENABLE.  REGISTER 

; ******  MONITOR  LINKS 

ACIA 

=  $eooo 

MSdADK 

=  $0606 

M0N1TK 

=  $C9F0 

WANK 

=  $OOAF 

CROW 

=  vDOl-'l 

RKEP 

=  SD! <9 

arnirr 

-  50201 

K  El*  JUT 

-  807  MO 

HEX 

-  $0306 

MIMA 

-  $I)7CK 

REA!) 

=$01110 

l.i'TT' 

=$D3r)0 

RUHR 

=  $0.1  HC 

;READ  &  SEE  IF’  KEYBOARD  HIT 

PAIN 

“  $B'/AF 

;SFT  UP  PA  BUBBLE  PORT  AS  INPUTS 

PAllT 

=  $H7AR 

;SET  PA  HIT)  RLE.  PORT  AS  OUTPUTS 
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LINE 

#  lix: 

CODE 

LINE 

0109 

00  FE 

PBLN  -  $B7C6 

;SET  PB  BUBBLE  PORT  AS  INPUTS 

0110 

OOKK 

PBOUT  =  $B7C2 

;SET  PB  BUBBLE  PORT  AS  OUTR.TS 

0111 

00  FE 

WAITB  =  $B73D 

;WAIT  TOR  SYSTEM  BUBBLE  NOT  BUSY 

0112 

OOFF 

SEND  »  $B7DC 

;  SEND  A  COMMAND  TO  SYSTEM  HUBBLE  AND  WAIT  FOR  A 

0113 

OOFF 

PIUO  =  $B7C8 

; B  PORT  INPUT  OR  OUTPUT  ACCORDING  TO  ' X ' 

Oil  A 

00 1-1' 

CHA  =  $B801 

;  SYSTEM  BUB  B!JE  OONIRUL  REE1STKK  A 

Oils 

OOF!’ 

PA  =  $15800 

;  BU1SBLE  PORT  A 

QUO 

00 '-V 

PIS  =  $B802 

;  BUBBLE  PORT  li 

0118 

OOhV 

BUK1  =  $BC00 

; INPUT  BUFFAR  OF  256  LOCATIONS 

0119 

OOFF 

BUR)  =  SBCOO 

; OUTPUT  BUFFER  OF  256  LOCATIONS 
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LINE  1/  LOG 

CODE 

LINE 

0121 

OOtY 

•  ickictckjrkicick  THIS 

IS  THE  START  OF  THE  PROGRAM  ********** 

0122 

00  EF 

i**********  PROGRAM  STARK  WITH  KEY6  ********** 

0124 

00  FF 

*=$C41 ! 

0125 

Mil 

4C  00  02 

JMP  RESET 

;SET  KEY6  TO  START  PROGRAM 

012/ 

C4I4 

*=2200 

0128 

02U) 

7K 

RESET 

SKI 

;  INITIALIZE  SYSTEM  AFTER  RESET 

0129 

0201 

08 

CEO 

OHO 

0202 

A2  tY‘ 

1JIX  j?$KK 

oi:u 

0204 

9A 

■fxs 

;SET  IIP  SYSTEM  SLACK 

01 '12. 

0205 

20  00  05 

JSR  IN  IT 

;DD  SYSTIM  INITIALIZATION 

oi:n 

02OH 

20  EC  05 

JSK  SIJTST  ;  IX)  SYSTI'M  SKIITEST 

OHS 

0208 

A9  00 

SETUP 

1 J  V\  /<MSGI 

;  INITIALIZES  RUN  PARAMETERS  OR  DUMPS  BUBBL 

0LT6 

0201) 

20  ED  05 

jsk  ikgout 

; output  migj  to  crt 

0H7 

0210 

20  l'i:  05 

JSK  GKIYAL 

;C!T  A  CHERAGTER  FRCM  THE  CRT 

OHM 

021  i 

C9  44 

CM!’  ff'D 

009 

02:  5 

no  o'i 

HUE  SEI2 

0140 

0217 

4C  CD  05 

.IMP  DUMP 

014! 

02  i  A 

C9  49 

SET2 

(M’  i'!'\ 

0:42 

02 !  i : 

(Jt)  EO 

8NE  St” UP 

;  IF  NOT  'D'  OK  'V  THEN  ASK  AGAIN 

0141 

;  >2  '•  *•; 

20  49  06 

JSR  81181  NO 

;ZERO  BUFFER  INDEX 

01  Vi 

022 1 

2()  0  !  06 

SET3 

JSK  C.R1.F 

-.OUTPUT  A  CARKAGE/ RKJUKN  TO  CRT 

0146 

0224 

A9  1C 

Q1NPKM  IJ1A  #<F«C3 

'ENTER' 

0147 

0226 

20  ED  05 

JSR  IttGOUT 

'UlAN  RATE  METHOD' 

0148 

0229 

A9  22 

LVW  KMSCJA 

0149 

022.6 

20  El)  05 

JSR  MSGOUT 

0 !  5<) 

022.5 

20  01  06 

JSR  CITY 

0151 

022,1 

20  FT.  05 

Q1N1  JSR  GEIVAL 

GET  ACTIVE  CHANNEL  VALUE 

or. ;> 

0294 

(  9  00 

IMP  /'SOD 

TEST  FUR  CK 

o.  VI 

0J..T6 

!■■<)  24 

HMr)  pl.-riUM 

BRANCH  'TO  GET  PORT  PARAMETER 

o:  Vi 

0258 

20  00  06 

JSR  TUIEX 

CHANGE  'A'  TO  A  HEX  VALUE 

0’  5‘> 

0296 

29  Op 

AND  7S0I'' 

0)  5*> 

0250 

AA 

TAX 

SET  UP  INDEX  'X' 

015/ 

029K 

A9  09 

1.1  A  F9 

0(58 

0241 

20  II  06 

JSR  SI ‘AO'S 

OUTPUT  "A'  SPAlES  TO  CRT 

1)1  59 

024 ! 

20  1 F  06 

JSR  CHKX2 

READ  IN  FRCM  CRT  TITO  CHARACTERS  — >  HEX  IN 

0160 

024) 

90  5!)  11 

S'! A  CRATE, X 

SAVE  THIS  RATE  VAUJE 

HIM 

( )249 

Au  OA 

1JVV  I'll) 

0162 

0266 

20  I  I  06 

JSR  SPACES 

01.69 

024k 

20  IV.  05 

JSR  CiTVAI. 

0164 

02M 

29  0/ 

A NO  77 

FORGE  METHOD  INTO  RANGE 

OlhS 

0255 

90  70  II 

STA  STORGK.X 

.GET  AND  SAVE  CHANNEL  SAMPLING  METHOD 

Olnh 

0266 

20  09  (Xi 

JSR  CRI.K 

016  /’ 

025') 

4<  9!  02 

JMI 1  a  INI 

GET  ANinilKR  Q1ANNEI.  PARAMETER  SET 

0169 

0170 

02SC 

0255 

A9 

20 

!<: 

ED  05 

PRTPRM  IJt\  /<M9G9 

JSR  M5GUUT 

;' ENTER' 

0171 

0261 

A9 

li 

DA  'XESG4 

nl  72 

026  1 

20 

El)  05 

JSK  MIV  ,l  liT 

;  'ACTIVE  I’ORT 

RATE' 

/0 


PHYSIOLOGICAL  DATA  AOQUISIT 


PACE  0005 


LINE 

#  LOG 

code 

LINE 

0173 

0261) 

20  03  06 

JSR  CR1J' 

01 74 

0269 

20  EC  05 

PRT1  JSR  CETVAL 

OL75 

026C 

C9  OD 

(MP  #$0U 

0176 

026K 

FO  J-', 

RliQ  MUKl 

0177 

02/0 

29  03 

AND  #$3 

O'.  78 

0272 

AA 

'SAX 

; SCALE  PORT  INDEX  VALUE 

0170 

02/1 

A9  QA 

LA  #10 

Oi.Hu 

0275 

20  11  06 

JSR  SPACES 

01KJ 

07/8 

20  IK  06 

JSR  C11KX2 

;READ  CRT  TWICE  — >  HEX  'A' 

oi.s:> 

02 /(> 

90  59  !  1 

S'lA  I’OKTBFjX 

;SAVE  R1RT  RATE 

01  Hi 

02.7  L 

20  03  00 

JSR  CR! J’ 

O' 84 

02H1 

AC  69  02 

JMP  PR  I! 

;C0  GET  ANOTHER  TORT  PARAMETER  SET 

0186 

02HA 

20  03  (X) 

MK1 

JSR  CRLK 

0187 

028/ 

20  00  05 

JSR  AGftV 

; SORT  ACTIVE  ANA)  OG  &  DIGITAL  CHANNELS 

O' 88 

07HA 

A9  99 

I J  v\  #  <MHG8 

(i;s9 

02.8C 

20 

EO  05 

JSK  MjU  JUT 

.}!  *»0 

02HK 

A  9 

72 

1  J.A  #<MSG3A 

0191 

0291 

20 

ID  05 

JSR  MSG- XT 

01.92 

0294 

A6 

Ob 

LlX  NCMNtS 

ni. 

0290 

30 

23 

fCv)  .'.l'XC 

(ij  % 

0298 

2.0 

03  06 

MK2 

JSi\  O.R! 

;LIST  ACTIVE  (HAN'S 

0195 

029*1 

115 

1A 

LIVV  I.HV'LS.X 

n>  Vb 

09  VI) 

9V 

OK 

AN!) 

019/ 

020;' 

90 

31'  06 

JSR  (I'  PIEX 

Oi  98 

02A2 

A9 

08 

! 78 

0199 

027>4 

70 

1  1  06 

JSR  SPACES 

0200 

02A  / 

HO 

IV  10 

! : v\  UVNTP.X 

0201 

'  *9A‘\ 

20 

IK  06 

JSR  (T'TIKX 

02AO 

A  6 

OH 

i,!V\  {? 

;  *  'f  ,  1 

TRV.K 

20 

1  1  IX) 

JSR  SPACES 

( r.'( 

09fi9 

HO  60  1 ! 

L: A  MEIHOO.X 

09  '*!i 

20 

'!!■•  (X, 

]  j|<  /ji'ii.M/y 

1  '200 

02,18 

(A 

PiX 

020/ 

0289 

10 

1X1 

IHT,  MUK2 

0209 

02  HR 

20 

03  06 

HK6 

JSR  C.RIE 

•,LI.ST  ACTIVE  PORTS 

02U> 

02  HE 

A9 

99 

1 .!  V\  a<m» 

>  Cl  ' 

0;>,  ji 

'J(\ 

EO  05 

jsr  r-?;< .an 

( >2  i  2 

{■'9-  ■  \ 

A‘i 

3< : 

1.1  V\  A<MSG4 

(C :  > 

(RTS 

20 

05 

JSR  INCUT 

' C  ■  9 

07, '>1 

A6 

07 

LUX  SPUR  IS 

0215 

02i  A 

30 

18 

UK !  MX<5 

"2  0, 

090 ! 

90 

01  06 

MJK3 

JSR  CR!,! 

02 1  7 

09*  y 

115 

FA 

1 .1  K\  l'"lf!S,X 

09  \H 

020! 

29 

0  ! 

AMO  /■  3 

;  FORCE  lMi'O  RANGE 

i'C'Iii 

02!  >1 

70 

IK  (X) 

JSR  -VTIIKX 

0220 

1 »9; ¥► 

A'l 

0)1 

!  ,\  V\  /  H 

022! 

i  i  ’i  sK 

70 

11  06 

JSR  SI 'AGES 

0222 

111, 

55  11 

LI  A  IHATK.X 

'<22  1 

09 

70 

3K  (X, 

JSR  aTIIHX 

07  2  A 

(•I'M 

<A 

hex 

022  > 

(  p9;,:9 

10 

18 

11! ’1,  M1K3 
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LINE  #  LOf:  CODE  LINE 


0227 

0217. 

A9  4B 

NCK5 

im  #<ESG5 

0228 

02K6 

20  03 

06 

JSR  CRLF 

0279 

02 09 

20 

ED 

05 

JSK  KEGJUT 

;  'VERIFY-V  aiANGE-C  CK-K' 

0210 

07KC 

20 

HU 

05 

JSR  GETVAL 

023 ' 

02  OK 

C9 

'*> 

imp  rv 

023.7 

07  k! 

!■{) 

9! 

P.fOQ  MXl 

02.87 

02K3 

C9 

43 

OIL’  li'C 

02  3 A 

02K‘> 

no 

08 

RNK  KK4 

o:'8'i 

07  K  7 

40 

2! 

02 

JMP  SET3 

0780 

02KA 

09 

411 

MK4 

IMP  -v'K 

028/ 

07 19 : 

00 

19) 

BNIi  H)K5 

0289 

02  n: 

A9 

(>K 

UW  7;<MSG6 

0240 

0800 

20 

K!) 

05 

JSR  KKtXUT 

;  'WAIT  -  BUBBLE  INITLALIZATlOfr 

07.4! 

0801 

20 

70 

06 

JSK  WRBHDK 

; WRITE  HEADER  INFORMATION  TO  BUBBLE 

0742 

030*. 

A  9 

82 

MW  r<MSC7 

; 'INITIALIZATION  COMPUTE  -  POWER  IXWN  SYSTEM* 

0743 

08.  i.S 

70 

199 

05 

JSK  MS< JOT 

0744 

0809 

70 

!.»: 

D.l 

MK7 

JSK  READ 

;WAJT  FOR  'SPACE'  BEHJRE  MISSION 

024 1 

i>30i\ 

09 

20 

CMP  T $20 

(yj/ih 

08  !0 

IX. 

Pi 

!«;■'.  MK7 

0247 

03 !  7 

4c 

!  S 

03 

JMP  MISSN 

I 
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LINE  #  LOG 

CODE 

LINE 

0250 

0315 

20  71  06 

MISSN  JSR  RDBHDR 

;READ  BUBBLE  HEADER  FOR  RUN  PARAMETERS 

0251 

0318 

20  HO  06 

JSR  HU  NIT 

; INITIALIZE  POINTERS,  COUNTERS,  TABLES,  ETC. 

0252 

03111 

A6  (X) 

INX  NCHNLS 

;GfcT  CHANNEL  INDEX 

0251 

031!) 

30  4H 

MLSSN1  mi  MISSN2 

02  V. 

03  IK 

BE  V.  11 

SIX  SAVEX 

0255 

0322 

AO  00 

!  J>\  7.-  0 

0256 

0.324 

05  36 

S'lA  CHKPm.X 

;ZfcKO  ANAUJG  (BAN  OFFSET 

02.57 

0326 

05  4A 

STA  OOUtflT.X 

;ZERO  DELIA  TIME  COUNT 

025') 

0378 

20  /2  06 

JSR  TIMERS 

0260 

037.11 

H5  !4 

!Ji\  GHANLS.X 

;KfcA!)  1ST  VALUE  OF  ANALOG  CHANNEL  'X' 

02t>! 

037!  > 

40  KK 

NOR  JJ$KE 

*  1262 

037k 

BO  M  l  AF 

S'lA  IDRIS 

; START  A/D  CONVERSION 

0261 

0387 

AO  0? 

MISSN5  1JV\  i!2 

u7(/i 

03  Vi 

20  I'D  AF 

HIT  IKK 

07»5 

033  / 

IX)  M> 

HNK  MLSSN5 

fcv, 

0351* 

A!)  !■'!  AF 

i.!Vi  PORIA 

'6V,/ 

0580 

40  !•'!•' 

EUR  ?.  $KK 

07  VI 

03  5  K 

43  (A 

STA  B1SVAL.X 

;SET  CURRiNT  VAUJE 

0769 

07, mO 

05  OA 

STA  LTIVAL.X 

02/1 

0842 

H!)  m:  10 

1M  UJUNTP.X 

0272 

0345 

95  24 

STA  OOUNW.X 

;SET  TIMER  aUNlERS 

07/3 

054/ 

70  A4  OA 

JSR  IlIXAb' 

;a',uxat:  ist  block  mis  analog  aiAN 

(’774 

0  l4A 

M 

TXA 

f'7/ 5 

03411 

OA 

AS1 .  A 

u/70 

I )  v»  *4 

AA 

TAX 

•6'7/ 

r»*  •»/,:> 

A3  10 

1/A  NEWHLK 

07/K 

95  '.A 

S'lA  CHFADD.X 

;SET  UP  1ST  KUXX  POINTERS 

'.'7/0 

OV.M 

"3  7A 

S': A  <  f  3  !.!!)>:, X 

07!  10 

iV'.M 

A3  1  1 

LI  A  \T.V!t!;'+ ! 

1 

O'1.'  1 

3*3  3|1 

•Vi...  ovatm-;  ,x 

0207 

93  2U 

S’lA  '  :(3!!'i!J\+  ,X 

070.1 

AO  On 

1.IA  i'l 

07.-4 

0 

95  1 A 

S'lA  'Cl.STlM.X 

;Z17R0  START  TIRE 

07-83 

(»'*,  *  *j  > 

93  !)!i 

S'!/.  TLS'l/H'  ,X 

''7.-6 

/}'.  '>1.* 

EE  i'  Jl 

IMS  SAVI'A 

076/ 

70  68  OA 

J8K  WRl’UR 

;WRITK  CHANNEL  HEADER  TO  RAM  BUFFER  AREA  'X' 

'  ‘7. Vi 

O.V>S 

94  86 

STY  V'iiVOK  X 

; MODIFY  INDEX  POINTER 

1  6’  HD 

0>i. 

(A 

I  MX 

0200 

034J1 

O'  1171 

in'!.  MISSN! 

0202 

086A 

A6  0/ 

MISSN2  LUX  NHM-iiS 

07<.H 

036«‘ 

30  711 

M1SSN3  HMI  MISSN4 

( .7/4 

034K 

AO  (Ml 

LI  A  H) 

n  705 

/  r'1/0 

40  31  11 

SI  A  I'HKITR.X 

;7.KK0  DIGITAL  POINTER  OFFSET 

08/  1 

20  A4  OA 

JSR  lilKALU 

;GET  1ST  11I7XK 

070/ 

O'!/', 

8, A 

'IXA 

07  OH 

087  / 

OA 

AS1,  A 

1 >7/>0 

03/8 

/VI 

TAY 

On  xi 

"3/‘) 

A">  JO 

L1A  NEWH1K 

;ShT  UT  Ul/XX  P01NTORS 

niOl 

037  H 

90  49  1 1 

S’lA  Ll'IlIK ,Y 

0'i02 

087K 

00  4!  11. 

STA  I’HSADD.Y 

o'1, IT! 

0381 

A3  11 

IJA  NlT/HIX+l 
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LINE 

#  LOG 

CODE 

0304 

0383 

99 

4A 

11 

0305 

0386 

99 

42 

11 

0306 

0389 

8A 

0301 

03  SA 

09 

10 

0308 

0380 

8U 

34 

11 

0309 

038 F 

20 

63 

QA 

0310 

0392 

98 

031! 

0393 

90 

51 

11 

<012 

0396 

CA 

0313 

039/ 

10 

D3 

0315 

0399 

A9 

00 

0316 

0398 

85 

OC 

0317 

039U 

20 

72 

06 

03.18 

O.'iAO 

38 

LINE 

STA  CFBLX+l.Y 
STA  PBFADD*-].  ,Y 
'1XA 

<KA  #$10 
SJA  SAVEX 
JSR  WKHDR 
TYA 

S’ LA  PBKPIR.X 
I  MX 

MM.  MLSSN3 

MISSN4  UA  #0 

STA  BfSJSY 
JSR  TIMERS 
CLL 


-.WRITE  PORT  HEADER  TO  RAM  BUFFER  AREA  'X' 


;  START  TIMER  FUR  MISSION  RUN 
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LINE  #  LOC 

CODE 

LINE 

0320 

03A1 

■'■****■****  main  loop  of  program  ********* 

0322 

03A1 

A9  20 

MAIN 

LM  ttOO 100000 

;CHEOC  FOR  BUFFER  80%  FULL 

0323 

03A3 

24  OC 

BIT  BBUSY 

0324 

03A3 

ID  OA 

BNK  MAM) 

032'. 

03A7 

30  Ftt 

KKt  MAIN 

;BUSY? 

032b 

03A4 

30  Kb 

I1VC  MAIN 

jPOWFNED? 

0327 

03701 

20  91  07 

JSR  BinjRDN 

;YES 

0328 

03/11-: 

4C  A!  03 

JMP  MAIM 

;no 

0330 

01  111 

30  (4 

MA1N6 

BVC  MAJN1 

; BRANCH  BUBBLE$NOT  POWERED 

0331 

03,83 

30  HO 

nMi  main 

; BRANCH  BUBBLE  BUSY 

0332 

03113 

10  03 

Ill’L  MAIN2 

;A1WAYS  SKIP  NEXT  INSTRUCTION 

0333 

03117 

20  91)  07 

MAINl 

JSR  BlIMfP 

;0>  POWER  UP  THE  BUBBLE 

0333 

03 11A 

A9  HO 

MAIN2 

I.IA  7711100000 

;SHT  POWERED,  BUSY,  &  80% 

033b 

03  i«: 

89  Oc 

SI  A  BHUSY 

033/ 

03:  iK 

Af.  06 

UK  MO  IN!  A 

;  P01  Nl’ERS  TO  TOP  OF  311  IS  LLLKED  LIST 

0338 

O'H  13 

A3  ‘V 

MA1N3 

i."V\  BHUSY 

JJPUATE  BHUSY  FI  AG 

0339 

03i.'7 

79  ID 

AM)  ;'"H' 

0340 

1 1 1(  4 

HS  Or 

STA  ",15.117 

o'  14! 

03  u, 

HA 

1  XA 

0342 

03c  / 

10  17 

KMI  MAIM 

'"■VI 

O'/'e 

09  ix: 

ORA  HU  47 

'  '  .‘Vi 

O' '.Cli 

89  oc 

.'■’A  HHUSY 

0349 

(..'KM 

HA 

'DA 

>>346 

i .'  k  >: 

OA 

AM.  A 

o  147 

03  CK 

/VI 

■;ay 

0348 

031  >) 

8  i  3A  00 

l,l»\  OKKADD.Y 

1 0,49 

0'4.,1 

H3  OA 

:"!A  OlRHHA 

03  90 

0  19'. 

119  Ml  00 

:.'v\  <  39  A1 »:  h-  l  ,Y 

MOM 

VI 

M9  OH 

si  A  OlKHHA+' 

0193 

03  UA 

20  HD  OA 

jsr  hoiiiii.i; 

;PUT  ANAUJG  QIAN  LINKED  LIST  IN  BUBBLE 

0193 

0311) 

(A 

dex 

0396 

03DK 

10  HO 

111 ’I,  MAIN! 

01 ‘>8 

03  HO 

A6  07 

MAIN4 

I.IK  NPOKTS 

;Piri'  PORT  I.1NKFT)  LIST  IN  BUBBLE 

0339 

03K2 

A3  OC 

MAIN  3 

UA  HHDSY 

0360 

031-4 

79  K) 

AND  /)S HO 

0361 

03M. 

H9  OC 

STA  BHUSY 

0362 

03121 

>  A 

TXA 

0363 

03  HO 

30  19 

RMI  MAIN/ 

0364 

03  Ell 

09  10 

OKA  t$U) 

0363 

0  ■<?•;!) 

03  OC 

( >CA  BHUSY 

0366 

03  KK 

89  OC 

S'! A  I1UJSY 

03.,  7 

03  Kl 

HA 

TXA 

0368 

03. 1*7 

OA 

AS!,  A 

Ole  9 

Oil.") 

A8 

TAY 

03/0 

03 ‘.'4 

!19  41  11 

1JA  I’BKADD.Y 

03/1 

O'lK/ 

89  QA 

STA  CURBKA 

0  172 

03  CD 

H9  42  11 

IJIA.  PBEADlM-l  ,Y 

0371 

Oify: 

89  on 

S'lA  CHR11E/H! 

HIYSIOLOCICAL  DATA  AOQUISIT 
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LINE  #  LOG 

CODE 

LINE 

0375 

03  FE 

20 

FO 

QA 

JSR  BUBBLE 

;PUT  PORT  LINKED  LIST  IN  BUBBLE 

0377 

0601 

CA 

DEX 

0378 

0402 

10 

DE 

BPL  MAIN  5 

0380 

0404 

A5 

OC 

MAIN7  Utt  BBUSY 

;RESET  BUBBLE  BUSY  FLAG 

0381 

0406 

26 

60 

AND  m 1 100000 

0382 

0408 

83 

OC 

STA  BHJSY 

0384 

040A 

AD 

00 

CO 

U*V  AO  LA. 

0383 

0400 

29 

01 

AND  ill 

0386 

040F 

FO 

90 

BHJ  MAIN 

0387 

(V, ! ! 

78 

SKI 

08H8 

04!  2 

AD 

01 

CO 

IJVA  AC1A+I 

038V 

04!  3 

C6 

111 

(M!>  7$1B 

03 ‘JO 

% !  / 

DO 

03 

HNK  MAINS 

0361 

04 1 6 

4C 

rt> 

C9 

jmp  MoNrm 

0867 

04.!  C 

MAIN8  ; 

INHIBIT  INTERRUPTS 

0863 

04 1C 

A6 

ic 

LUA  i?<MSC3 

08«y, 

041 K 

20 

ED 

05 

JSR  M1Q  JUT 

0863 

0/4!  I 

AD 

00 

CO 

MAIN9  1JJA  ACIA 

08% 

0/414 

29 

01 

AND  n 

0867 

0476 

M) 

F9 

m'i  MA1N9 

0368 

0428 

20 

03 

06 

JSR  CK1.F 

n'Hio 

047H 

38 

CM 

; ENABLE  INTKRMJPTS 

(VrfK.) 

047' : 

47 

A1 

03 

JMP  MAIN 

040) 

047  F 

;  ESCAPE  — >  GO  TO  MINED  JR 

0402 

<y»2  k 

;  SI  WE  — >  STOP/ START  MISSION 
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LINE  #  LOC 

CODE 

LINE 

0404 

042F 

itirq 

;6840  INTERVAL  TIMER  IRQ  HANDLER 

0405 

042F 

AD  E9  AF 

IDA  TCTL2 

;READ  STATUS 

0406 

0432 

49  FF 

EOR  #$FF 

0407 

0434 

10  04 

BPL  lTCRQl 

;N0  IRQ  HERE 

0408 

0436 

6A 

ROR  A 

0400 

045/ 

6A 

ROR  A 

;aiEOC  TIMER  2 

0410 

0488 

110  02 

KCS  IT1FR2 

04.12 

043A 

68 

mRQl  PLA 

; RESTORE  'A' 

0415 

0438 

40 

RTI 

0415 

043C 

A9  01 

T1TM12  EDA 

#1 

;40  WORD  TIMER  IRQ 

0416 

043 E 

8D  3A  11 

S'LA 

C40FLG 

0417 

044! 

49  EK 

UK 

7/SFF 

0418 

0443 

80  EH  AF 

S'lA 

7121X13 

04!  4 

0446 

68 

FU 

0420 

044/ 

40 

RTI 

0422 

0448 

DIGIRQ 

;THE  DIGITAL  IRQ  HANDLER  GOES  HERE 

0423 

0448 

» 

IT  WILL  (HECK  WHICH  DIGITAL  CHANNEL 

0424 

0448 

I 

CAUSED  THE  IRQ,  READ,  AND  SAVE  THE  DATA 

0426 

0448 

4C  2F  04 

JMP 

ITIRQ 

;SEE  IF'  INTERVAL  TIMER  IRQ 
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PHYSIOLOGICAL  LttTA  AOQU1SIT . PACE  0012 

LINE  #  LOG  CODE  LINK 


0428  044B  ;  .*«**  REFERENCES  MJST  CONSIDER  1HAT  IATA  BUS  IS  INVERTED  * 


0430 

044B 

48 

VIAJKQ 

PDA 

;  INTERRUPT  FROM  THE  VERSATILE  INTERFACE  ADAPTOR  ( 

0431 

044C 

A9 

20 

LUA 

«00 100000 

;SAVE  'A'  THEN  CHECX  WHICH  CAUSED  INTERRUPT 

0432 

044E 

20 

ID  AF 

BIT 

UR 

0433 

0491 

DO 

21 

w: 

VLVl 

;  BRANCH  IF’  NOT  TIMER  1 

0434 

0493 

49 

IV 

W  *< 

f!$FT’ 

0439 

0499 

HD 

Ft)  AF 

.VIA 

mu 

tvv:t6 

(498 

A9 

!‘V 

IJVV 

ADI  v 

(43/ 

04.9A 

49 

].’!•• 

Ki  K 

v$FV 

143H 

049C 

HD 

1-4  AF' 

S’  I A 

T3IIC 

;  ENABLE  COUNT 

0434 

049F 

KB  10 

INC 

(JjLKX 

(440 

0467 

AD 

KH  10 

1.1  A 

O/XK 

;QI>XX  FOR  STOP-TIME 

(44! 

(V^c. 

(3) 

FA  10 

U"t!’ 

STOFIM 

0442 

l4oH 

90 

()!i 

B(C 

V IA4 

0/4.3 

046A 

A  9 

CD 

MA 

*>918014 

; 'STOP-TIME' 

(444 

046c 

HD 

F'9  10 

S' I A 

KKRITR 

CkVi-S 

046 F 

4c 

8 !  09 

JMP 

KKRMSG 

044/ 

04/2 

68 

V1A4 

PI  A 

0448 

04/3 

40 

KTI 

04!<) 

04/4 

90 

0A 

VIA! 

KVC 

TIME  I 

;  BRANCH  IF  TIMERl 

(431 

0476 

A9 

02 

VTA2 

IJW 

o 

1 

lx 

(492 

04/K 

7( 

I'D  A I’ 

nvr 

1FR 

(433 

(4/H 

10 

43 

BFQ 

F/X'IRQ 

; BRANCH  IK  END  OF  CONVERSION  IRQ 

(494 

(4/1 » 

40 

48  (4 

V1A3 

JMI* 

DICLRQ 

;SF3i  IF  DIGITAL  IRQ 

(496 

(480 

A9 

40 

TIME] 

Ui\  /,;7.0I(X)0000 

(497 

(Vi82 

49 

FV 

FOR  /■‘OFF 

(498 

0484 

HI) 

!•’!)  AF 

S' I A  UR 

;  Cl  FAR  TIMER]  IRQ  F1AG 

(.499 

(48/ 

98 

m 

;  SAVI .  'Y'  4  'X' 

(460 

(748 

48 

IHA 

( 46 1 

1.489 

."A 

TXA 

0462 

(4>'A 

48 

IT  IA 

0464 

04811 

A6 

Ob 

J.HX  N01NI8 

;SIT  UP  INDEX  'X' 

(749 

048!) 

to 

0/ 

BMI  'IONT9 

( 466 

(48F 

14 

24 

TCNT 

DEC  (OUNIV.X 

(46/ 

(49! 

FT) 

09 

".!■()  TCNI’2 

(46H 

(493 

(A 

TCNT1 

DEX 

( 469 

04’ 4 

10 

FT 

HIM.  I CNF 

(4/0 

(446 

(>H 

TCNT9 

!'!  A 

;RES'IORE  'X',  'Y',  &  'A' 

(4/1 

(49/ 

AA 

TAX 

(4/2 

(49H 

(>H 

IE  A 

(4/3 

(499 

AH 

TAY 

04/4 

(4‘)A 

(.8 

PI  A 

(4/9 

wm 

40 

ICC  I 

04/7 

(49C 

24 

08 

TCNT2  BIT  ADBUSY 

(4/8 

(49E 

10 

00 

HIE.  TOOT  ;GO  Sl'ART  A/D  CONVERSION 

(VC/9 

(VtAD 

A9 

80 

IJA  «I0000000 
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LINE  #  LOC  OODE  LINE 


0480 

04A2 

15  14 

CRA  CHANLS.X 

0481 

04A4 

95  14 

STA  CHANLS.X 

0482 

04A6 

HD  EC  10 

TCNT4 

UA  OOJNTP.X 

0488 

04A9 

95  24 

S' LA  OOUNIV.X 

0484 

04AH 

DO  1* 

HNE  TCNIl 

0486 

04A1> 

8A 

Torn 

TXA 

0487 

04A£ 

09  80 

OKA  « 10000000 

0488 

0480 

85  08 

STA  AIMJSY 

0489 

04112 

115  14 

<JV\  OIANLS.X 

0490 

0484 

49  IV 

EUR  #$FK 

049  1 

041V. 

81 1  EO  AF 

S'lA  POKTI4 

0492 

04H9 

20  KB  07 

JSR  RDTIMR 

Ooji 

04iv: 

20  06  08 

JSK  RMTM1 

0494 

04111'' 

4C  A6  (V. 

JKiJ  TLNT4 

iSET  NEED  A/C  CONVERSION  FLAG  THIS  CHANNEL 
; RESET  TDCR  COUNTER  THE6  CHANNEL 

;SET  EDSY  FLAG 
;  START  A/D  THIS  CHANNEL 

; START  A/D  CONVERSION 

;SAVE  UK  TIME  OK  CONVERSION  EOR  THIS  CHANNEL 


PHYSIOjOGICAL  DATA  A0QU1SIT . PAGE  0014 

LINE  #  LOC  CODE  LINE 

0496  04C2  ;*****  0E  A/D  CONVERSION  INTERRUPT  ***** 


0498 

04C2 

98 

HOC IRQ  TYA 

0499 

04C3 

48 

PUA 

0900 

04C4 

8A 

TXA 

0901 

04C9 

48 

PUA 

0902 

04C6 

A  9 

08 

UlA  ADBUSY 

0903 

04C8 

89  46 

STA  KEPNDX 

0904 

040A 

29  OF 

AND  #$0F 

0909 

040 : 

AA 

TAX 

09o6 

04CD 

AD 

FI  AF 

E!  A  PORTA 

[T>0  7 

041X1 

49 

FV 

FOR  *$  FV 

0908 

0402 

•ir> 

CA 

STA  THSVAL.X 

(1909 

0404 

A6 

0. 

LUX  NUIN1E 

09 10 

fV,  L>  > 

B9 

14 

H0C1 

iJA  CHANLS.X 

0‘>  ’  1 

04W 

to 

Oo 

FOC2 

09 1 2 

Cw.iYi 

(A 

DFX 

09  IT 

0491’. 

10 

FV 

Hi ’1 ,  LOCI 

0919 

04m ) 

A9 

00 

LI  A  //0 

0916 

04  OF 

89 

08 

STA  ADBUSY 

0917 

04  c! 

I'O 

14 

BIT)  MX 3 

0919 

04F3 

29 

IV 

tXXJ2 

AND  V'$7E 

0920 

04E9 

99 

14 

STA  (HANLS.X 

09’’  1 

iy,i.;7 

49 

j.v 

'.OR  C9EF 

09  n 

04i'<) 

8!) 

F'O  AF 

STA  iORTB 

.I'Ll 

*•4  •;<: 

20 

EH  07 

JSR  RIJI9MFI 

i  >92.4 

OVE 

20 

<V)  08 

-IS:!  RDI'lMt 

09  IT) 

04K’ 

8A 

IXA 

0917 

(VtET 

<19 

80 

ORA  aiooooooo 

i91'H 

IV.E9 

h9 

08 

STA  ADBUSY 

!  »MM> 

cv»'-/ 

.'() 

IS  08 

H0C3 

JSR  KEFP 

^  SKI 

(VTA 

98 

IT  A 

iViF'H 

/A 

TAX 

09T2 

c u,  -t : 

1)8. 

Pi  A 

■  Mil 

'V>EO 

A' 

''AY 

nVi4 

O’,  w. 

(Ri 

1"  A 

;SAVE  Y  AND  'X' 

;SAVE  RiR  LATER  USE 

;GTT  A/D  CONVERSION  INDEX  'X' 

;OI  A/D  VALUE 

;SEE  IE  ANY  CHANNELS  NEED  A/D  SERVICE 
;a)  START  A/0  CONVERSION 

; CLEAR  A/D  BUSY 

;AJ  WAT’S  -  GO  SERVICE  DATA 

; CLEAR  A/D  REQUEST  FLAG 
;  S' [ART  A/D  CONVERSION 

;SAVK  tus  conversion's  sample  time 

;SET  UP  ADBUSY  FI  AC 

; DETERMINE  IT  TO  KEEP  THIS  DA'IA  -  USES  'KKPNDX 
•.RESTORE  'X'  ,  'Y'  .AND  'A' 
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LINE  #  LOC 

CODE 

0537 

0500 

0539 

0500 

0541 

0500 

AO  00 

0542 

0502 

A2  OF 

0543 

0504 

BD  5D  11 

0544 

0507 

FO  OE 

0545 

0509 

99  TO  10 

OViA 

050C 

KD  71)  1J 

0547 

050F 

99  60  11 

0548 

0512 

8A 

0V*9 

0513 

99  14  00 

0550 

0316 

as 

0551 

0517 

(.A 

0552 

0518 

ID  EA 

0553 

03  LA 

88 

05V. 

03: 11 

V.  06 

0556 

0311) 

A2  03 

0557 

03 1 

/Yl  00 

0558 

032! 

bo  39  n 

:  >55‘» 

0579 

hi  Ok; 

(’560 

057f. 

99  53  1 1 

'.CM 

057' > 

HA 

l 

0 37a 

I'A  (XI 

(>5l  .3 

O'  >2'  >  i 

i  ■>, 

l  '364 

C',7'-;  ( 

A 

'  W)  0534 
0570  05  io 


"'V.  AO  00 
OV A  KO  E7  JO 
05)9  .\f>  <X> 


'■'/:*  o',  iK  a/,  (X, 

0’./  i  035.0  m 


0»7  i  O'.-'.m 
03/4  {)'/().; 
OS/S  OV) /) 


OS/8  OhS 


;***^^  SUBROUTINES  ********** 

;SCKr  ^IVE  ANALOG  &  DIGITAL  Q JANS 

iS  #?5  :MAKE  UST  0F  active  CHANNEL 


Hi  AO 
DO  h:  10 

oo  k:  jo 

90  18 
Ml  '«) 


OSHO  0V,A  Ho  K/  10 

0581  OV.!*  >19  h;  10 

0582  0550  >)|.  m 

OVfl  0551  AO  K7  JO 

0384  05V,  <*y  |-t;  in 


0580  0559  no  no  i| 

058/  055(;  HO  K7  JO 

0588  055|.'  n>)  no  H 

0589  0502  90  61  >  !  > 

0590  0565  AO  K/  !() 
055  J  0V.8  99  90  11 


S  «  >“™  UST 

ACTIV4  LDA  CRATE, X 
Hft)  ACTIV5 

CTA  COJNTP.Y  ;SAVE  COUNT 

I-IVY  STONGE.X 
s  I A  Million  Y 
■IXA 

SIA  CHANLS.Y 
1HY 

ACnV5  I  HOC 

ol  'y  ACTIV4  j  BRANCH  if  n 
S1Y  NO  ms  -SAVE  NUMHKK 


UK 

U'Y  TO 

ACT1V6  LOa  I’ORTBFjX 
3H>  ACTJV7 
SIA  IWi'h.V 
TXA 

SIA  POKES, Y 
JNY 

A(,TIV7  !)!5K 

It!’!,  ACTJV6 

:  >!-:y 

SIY  NPORTS 

Acrivi  ija  to 

SIA  AIWA' 

IJ1X  NUINIH 
COY  NOIMH 

')i.  y 

HE!  ACT1V9 
AWIV2  Ely.  onilNPP.X 
1 MP  OfKW.Y 
IaC  ACT  IV  1 
3!'M  ACT! VI 


J BRANCH  IF  NOT  DONE 

;SAVE  NUMBER  OK  ACTIVE  CHANNELS 

;MAKE  a  LIST  OF  ACTIVE  PORTS 


; BRANCH  IF  PORT  NUT  ACTIVE 

;SAVE  PORT  INDEX 

; branch  in  not  done 

;SAVE  NUMBER  of  active  ports 

;S(JKT  ACTIVE  aiANNHS 
;  RESET  EX1HANGE  1-1,10 

; ARRANGE  AC1VE  CHANNELS  BY  RATE 
'.BRANCH  IF  1HSS  THAN  OR  EQUAL  TO 


SIA  An-Ill' 

CIA  (1()fW}’,Y 

;’,A  ‘fl'W.X  ;KXC1ANGE  X  &  X-J 
UV\  All-Mi > 

SIA  aVMH'.Y 

)J>\  meiiioo.x 

SIA  A'lFMP 
CIA  MI :mOD,Y 
SIA  MEtl !()0, X 
cm  A  n-Mc 
SIA  MI-rillOD.Y 


8i 


PHYSIOLOGICAL  IA1A  AOQUIS1T 


.PAGE  0016 


LINE  #  LOC 

OUUE 

LINE 

0593 

056B 

B5  14 

UA  aiANLS,X 

0594 

056D 

8D  E7 

10 

STA  ATEMP 

0595 

0570 

B9  14 

00 

UA  OIANLS.Y 

0596 

0573 

95  14 

S'lA  CHANLS.X 

; EXCHANGE  H1ESE 

0597 

0575 

AD  K7 

10 

UA  A1TMP 

0598 

0578 

99  14 

00 

SIA  aiANLS,Y 

0599 

0578 

A9  !•>' 

IJA  tfi/br 

0600 

0570 

80  )•:/ 

.10 

STA  ATcMP 

;SET  E1AG  SHOWING  EXCHANGE  OCCURRED 

060] 

0580 

(A 

ACLTV3  DliX 

0602 

0581 

88 

Of'.Y 

0603 

0582 

10  BC 

Hi’!.  ACT  1V2 

;BKANQ!  IE  NOT  DONE  THIS  TIME 

0604 

0584 

Al>  E7 

10 

IJA  ATEMP 

0605 

0587 

1)0  AB 

ItNE  ACI'lVl 

;  BRANCH  LE  EXCHANGE  HAG  SET 

0607 

0589 

.  *****  SORT  DIGITAL  CHANNELS  ***** 

0608 

0589 

A9  00 

ACTIV9  IJA  m 

0609 

05KB 

HO  F.7 

10 

SYA  ATEMP 

0610 

058 E 

A6  07 

LUX  NO  tins 

06 1J 

0590 

A4  07 

coy  npokts 

06.12 

0592 

88 

d;-;y 

0613 

069.1 

30  37 

KMI  AC'f  J.V8 

0615 

0595 

11U  55 

11 

ACTIVA  IJA  PRATE, X 

06.16 

0598 

09  55 

11 

(.»!'  IW/TI.Y 

0617 

059K 

%  26 

Bu.:  AcrrrvB 

061.8 

0500 

K)  24 

rm)  Acrrr/R 

0619 

059  E 

80  E7 

10 

S1A  ATI-MP 

0620 

05A2 

89  56 

1! 

IJA  PUATK,  Y 

0621 

OSA  5 

90  56 

I! 

S'lA  INATKjX 

0622 

05A8 

AO  1.7 

10 

IJA  A ITMP 

062.1 

06, VK 

99  55 

11 

S'lA  llvYITI, Y 

0674 

( '5Af-; 

115  h'A 

i  jv\  i*  tins  ,x 

0(.25 

05IK) 

HO  K  / 

10 

S'lA  A'W 

<'*,26 

o6:;  >, 

K9  EA 

(X) 

ija  iums  ,Y 

(*52/ 

o5;i*. 

05  KA 

S'lA  Hlins.x 

(678 

(>5BH 

AO  E/ 

10 

IJA  A'l'I'MI’ 

<  *.79 

OSkk 

99  KA 

IX) 

S'lA  POMS.Y 

0680 

05KK 

A9  KK 

ija 

(*.7.! 

05(  0 

HO  K7 

10 

S'lA  ATWI’ 

0032 

05(9 

(A 

AcrrvB  okx 

0088 

('Si  /. 

88 

OKY 

i  !o  30 

(i5( :5 

10  CE 

bit  ai.tiva 

06.85 

05(  7 

AO  E/ 

10 

IJA  ATI W 

8  *>86 

05<  A 

1)0  111) 

KNE  ACTIV9 

(*.8/ 

o'xx; 

60 

ACTIV8  ins 

ftfYSIQLOGICAL  IKEA  ACQUIS IT 
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LINE  #  LOC 

OQDE 

LINE 

0639  05CD 

4C  FO  C9 

DUMP  JMP  ECNITR 

0641 

05D0 

INTT 

0642 

05D0 

A9 

4B 

LDA 

#<VIAIRQ 

0643 

05D2 

8D 

ID 

04 

STA 

SC41D 

0644 

05D5 

A9 

04 

1JA 

#>  VIA  IRQ 

0645 

0507 

8D 

IE 

C4 

S'lA 

SC41E 

0647 

05(A 

A9 

00 

LI  A 

to 

0648 

05DC 

49 

FF 

EUR 

#$FF 

0649 

05DK 

8D 

EE 

AE' 

STA 

TER 

0650 

05P.L 

A9 

01 

«JA 

#1 

(.661 

05E3 

49 

EV 

EUR 

TSEE 

0662 

05E5 

HI) 

E9 

AE' 

STA 

UTL2 

0653 

05EH 

80 

AE' 

STA 

TCCL13 

0655 

05  EH 

60 

RJS 

0657 

05EC 

60 

SLFTST  RTS 

(659 

05ED 

20  03  06 

MSGOUT  JSR  CRLF 

0660 

05  FO 

80  06  C6 

msgoti  sta  $0606 

(661 

06F3 

A9  10 

TJA  (;>MSG1 

(662 

05K5 

80  07  06 

STA  (6607 

(663 

05iE 

20  39  Di 

JSR  RKEP 

(664 

06l-T> 

60 

If  IS 

(66o 

os  ex: 

GETVAJ . 

(60/ 

05  EX’ 

20  UC  01 

JSR 

READ 

(608 

06FF 

20  Cl  02 

JSR 

armrr 

(609 

(6 02 

00 

RTS 

(671 

0603 

CRLF 

(672 

(603 

48 

PHA 

(673 

(604 

8A 

TEA 

06 74 

(601  < 

48 

PI  (A 

(676 

(606 

20  FI  DO 

JSR  CR1UW 

(676 

Of  ,09 

68 

PI  A 

(6/7 

(60A 

AA 

TAX 

(678 

(»CII 

68 

ITA 

06/9 

(6(6 

60 

If  IS 

(681 

(600 

TOHKX 

(682 

060D 

20  06  D3 

JSR  HEX 

0683 

(610 

60 

RTS 

;DUMP  BUBBLE 

;  INITIALIZE  THE  SYSTEM  AFTER  RESET 
;SET  UP  IRQ  SYSTEM-65  VECTOR 

;STOP  ALL  TIMER  IRQ'S 
;DISABLE  VIA  IRQ 

;  DISABLE  INTERVAL  TIMER  IRQ 

;D0  SYSTEM  SELFTEST 

^output  a  message  -  zero  page  address  is  m 

;M)NITUR  RKEP  SUBROUTINE 

;GETS  A  VALUE  EROM  CRT  PUTS  TN  'A' 

; MONITOR  READ  SUBROUTINE 


; OUTPUTS  A  CARRIAGE  RETURN  &  LINE  FEED  TO  CRT 


;  MONITOR  CRIDW  SUBR(UTINE 


;  CHANGES  'A'  IN  ASKII  TO  A  HEX  VALUE  IN  'A' 
;MJNITOR  SUBROUTINE 
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LINE  #  LOC  CX3DE  LINE 


0685 

0611 

SPACES 

;OUTFUTS  'A'  SPACES  TO  CRT 

0686 

0611 

8D  37 

11 

STA  SCOT 

0687 

0614 

A9  20 

SP1 

im  #$20 

0688 

0616 

20  Cl 

D2 

jsr  armn 

; MONITOR  SUBRCUTINE 

0689 

06.19 

CE  37 

11 

DEC  SCNT 

0690 

06  k; 

DO 

ONE  SP1 

069! 

Ota  it; 

60 

ins 

0693 

061 K 

GHEX2 

;READS  TWO  CHARACTERS  FRCM  CRT  — >  HEX  IN' 

06% 

06  IP 

20 

DC 

Dl 

JSK  READ 

-.MIN1TCR  READ  SUBRCUTINE 

0695 

0622 

20 

Cl 

D2 

JSR  OUTPUT 

0696 

0626 

20 

06 

03 

JSR  HEX 

; MONITOR  HEX  SUBROUTINE 

0697 

0628 

20 

50 

03 

JSR  LEFT 

;  MONITOR  LOT  SUBROUTINE 

0698 

06211 

29 

NO 

AND  #$P0 

0099 

06 2D 

80 

37 

11 

S'lA  SCOT 

0700 

0630 

20 

DC 

1)1 

JSR  READ 

;  MONITOR  READ  SUBROUTINE 

0701 

063 1 

20 

Cl 

02 

jsr  ariwr 

0702 

1)636 

30 

o*) 

03 

JSR  HEX 

-.MONITOR  HEX  SUBROUTINE 

0/03 

0639 

29 

OP 

AND  /.''TOP 

0704 

o*>:m 

01) 

37 

11 

OKA  SCNT 

0706 

063 E 

60 

ms 

0707 

063 P 

OUTHEX 

•.OUTPUTS  TO  CRT  THE  HEX  VALUE  OF  THE  'A' 

0708 

063 K 

20  CE  02 

JSK  NIJMA 

•.MONITOR  SUBROUTINE 

0/09 

0642 

60 

RTS 

07)1 

0643 

BUBLEO  ;  INITIALIZES  BUBBLE  6,  RAM  BUFFER 

0712 

0643 

; SIMPLE  ROUTINE  TO  ZERO  BUFFER 

0714 

063(3 

LOC  =  $6 

0735 

06/(3 

AO 

IF 

11 

IDA  BUFFER 

0716 

0646 

85 

06 

STA  ux: 

0717 

0648 

AD 

20 

11 

IJ1A  BUFFER+] 

0718 

06411 

85 

07 

STA  1.0C+! 

0719 

0641) 

A2 

00 

IJK  #0 

0/21 

064K 

;ZERO  CONSECUTIVE  MEFOKY  UXATIONS 

0722 

064K 

A9 

00 

LOOP  1,1  A  #$ 0 

0773 

065 1 

81 

06 

STA  (10C.X) 

0725 

0653 

;  INCREMFOT'  IU1OTER  "MX," 

0726 

0653 

A5 

06 

Uft  ux; 

0727 

0,55 

18 

cu; 

0728 

0656 

69 

01 

ADC  #1 

0/26 

0*>S8 

85 

06 

si  a  ux; 

0/30 

0,3  A 

AS 

07 

IJA  UXJj 

0731 

0690 

69 

OO 

Aix:  #0 

0/32 

065K 

89 

07 

S'lA  LOC+l 

0734 

0660 

A9 

06 

mw  ux: 

0735 

CI662 

(3) 

00 

(MI  #0 

8  A 
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LINE  #  LOC 

CODE 

LINE 

0736 

0664 

DO 

E9 

BNE  LOOP 

0737 

0666 

A5 

07 

LQA  LOC+1 

0738 

0648 

CD 

IK  11 

CMP  LSTHLK+l 

0739 

06611 

90 

K2 

RCC  LOOP 

0740 

0tl4l> 

I'O 

to 

BKQ  LOOP 

074! 

Q6hF 

40 

I?  IS 

0743 

0670 

60 

WRBHDR  RTS 

;  WRITES  BUBBLE  HEADER  INFO  -  PARAMETERS 

0744 

0671 

60 

RDBHDR  R’JS 

; READS  BUBBLE  HEADER  INTO  &  PARAMETERS 

0746 

0672 

TIMERS 

;  INITIALIZE  FOR  A/D  AND  START  TIMERS 

0747 

0672 

VIA  PORT  B  INPUT  — 

port  a  output 

0749 

Ot>72 

78 

SKI 

;l)  ISA  RLE  INTERRUPTS 

0730 

0673 

A9 

88 

!JFi  #%10001111 

;1AST  4  BITS  ARE  A/D  QIAN  SELECT 

07  3! 

06/3 

49 

FF 

FOR  #$KF 

;  INVERT  FOR  DATA  BUS 

0733 

0 47/ 

8!) 

F2  AF 

S'lA  DIIW 

0733 

067A 

A9 

no 

!JA  iH) 

o/'A 

0470 

49 

88 

MIR  ?-$FK 

it  7. S3 

Ot  //  K 

HD 

81  AF 

S’lA  1>!KA 

;MAKK  PORTA  INPUT 

0/3/ 

IK  >81 

A9 

111) 

ll)A  rt  )OUJ  101 

0/38 

(K>83 

46 

88 

HOK  8SFF 

; INVERT  FOR  M'lA  BUS 

0/30 

0483 

8,0 

■•V  AF 

S'! A 

0/61 

0488 

AUX13.L\RY  CONTROL  REG  INITIALIZE 

0741* 

fy>8H 

A9 

K1 

!,U\  #311100011 

9/43 

14)  A 

49 

FF 

M'K  #$FF 

;TNVH;T  FOR  DATA  BUS 

4/44 

i  *  >K(  i 

80 

•41  A8' 

STA  AHXlTI. 

;T1  OUT  on  PB7,  T1 -CONTINUOUS 

0/63 

IK.8.K 

T2  CLOCKED  BY  PB6 , 

disable.  si ii it  km;. 

0/6/ 

(>48.8 

INTER KO IT  ENAR1E  AND  F1.AG  R MUSTER 

0/48 

6)48.8 

nrr  o  -  <a2 

BIT  4  -  SHIFT  RN3 

0749 

0o8,8 

1  -  CAI 

3  -  '17  TIMEOUT 

0/70 

(KiKF 

.’  =  CI12 

6  =  T!  T!  MEOUT 

0//I 

04M8 

7  -  CiU 

— 1 

II 

Jo 

0//3 

0488 

A9 

E2 

ijk\  u  u  iooo  lo 

0/74 

Ot.'i! 

49 

FF 

FOR  7'$FF 

; INVERT  TOR  DA’IA  BUS 

07/3 

.>>9  1 

HI) 

fd  AF 

STA  IKK 

; CLEAR  IRQ  FLAGS 

(1/76 

(KV)4 

8i) 

FK  AF 

STA  !  KR 

0/// 

(K  .'14 

A9 

ov 

I.!V\  f'$FF 

;  S' CART  TIMERS  MIR  MISSION 

07/8 

Of>4|l 

49 

88 

M'K  F-.38F 

0//9 

0»>4|) 

Hb 

88  AF 

S'lA  77  LI, 

0/80 

18, AO 

80 

F9  AK 

S’lA  'CIO 

0781 

f '<)/'.  1 

AD 

38  !! 

UK  OKI  .TIM 

;GhT  SYSTEM  DELTA  1 IM7 

0/87 

<  K.A6 

HO 

1).  /Vi-’ 

S'lA  IIH, 

o/H.'l 

ofvVt 

Al> 

4o  11 

t J V\  DELITTHl 

0/84 

0i4/\( 

8D 

83  A!’ 

S’lA  '!  ok: 

(1/8,3 

1  *  ,A8 

40 

RTS 

;0'hT  SYSTEM  DELTA  1 IM7 
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LINE  #  LOC 


CODE 


LINE 


0788 

06  BO 

RUNTT 

0789 

06  BO 

■■He******  WRITE  SYS! 

0790 

06  BO 

20 

AF 

B7 

JSR 

PAIN 

0791 

0683 

AD 

00 

B8 

11% 

PA 

0792 

0686 

ED 

03 

BE1} 

RUNIT1 

0793 

0688 

4C 

68 

BO 

JMP 

$0068 

07% 

0688 

A9 

% 

RUN1T1  LQA 

#$D4 

0795 

06  HD 

20 

DC 

B7 

JSR 

ShNl) 

0797 

06C0 

A9 

BF 

11% 

mi-' 

0798 

06C2 

20 

1C 

B7 

JSR 

ShND 

0799 

06C5 

AO 

00 

1W 

#0 

0800 

06C7 

89 

13 

11 

HUNIT2  IDA 

RhGSTR.Y 

0801 

06  CA 

20 

DC 

B7 

JSR 

SEND 

0802 

060) 

C8 

LW 

0803 

06CE 

CO 

09 

CPY 

ID 

0604 

06  DO 

90 

Fb 

BCC 

RI1N1T2 

0806 

06  D2 

20 

Ah 

B7 

JSR 

PACUT 

0807 

060b 

AD 

01 

88 

IDA 

CRA 

0808 

06  D8 

09 

10 

CRA 

77$10 

0809 

06% 

8D 

01 

B8 

S'lA 

CRA 

0811 

06 IX) 

20 

C9 

OB 

JSR 

LMCALL 

0813 

06  hi) 

A9 

00 

IDA 

m 

0814 

06E2 

81) 

01) 

11 

STA 

TOTAL 

081b 

06Kb 

8D 

OE 

11 

STA 

T01AL+1 

0816 

06  E8 

8D 

OF 

11 

STA 

T01ALh2 

0818 

06KB 

8D 

3D 

11 

STA 

(AO 

0819 

%!•>: 

8D 

FB 

10 

STA 

ciocx 

0820 

06  F! 

8D 

V> 

1 1 

STA 

SAVEY 

0821 

06  K4 

81) 

33 

11 

STA 

SAVEA 

0822 

06F7 

8D 

3K 

;  J 

STA 

82b6NX 

0823 

06  FA 

8b 

OC 

STA 

88USY 

0824 

ooh; 

83 

08 

STA 

ADBUSY 

082 S 

06  KK 

8D 

1C 

11 

STA 

1  MAFIC 

0826 

0/01 

81) 

28 

11 

STA 

NPURDN 

0827 

0704 

81) 

2C 

11 

S'lA 

NIWWH-1 

0828 

0/0/ 

81) 

21) 

i.) 

S'lA 

NIWJJP 

0829 

0/OA 

80 

2E 

11 

S'lA 

NlWfUl^l 

0830 

0/01) 

8D 

2/ 

•  I 

STA 

■mrriM 

083! 

0/10 

8D 

28 

1  1 

STA 

tpi/timm 

0832 

0/1 ) 

8!) 

29 

!  1 

STA 

Tpony 

0833 

0/16 

80 

2A 

j] 

STA 

Tpm'iwi 

0834 

0/19 

8D 

23 

M 

STA 

iirriM 

0835 

o/ic. 

HD 

24 

' ) 

STA 

wtim+i 

0836 

0/!F 

KD 

21 

11 

STA 

I’OITM 

0837 

0722 

81) 

22 

11 

S'lA 

fijttmm 

0839 

072b 

A9 

00 

I JVA 

0840 

072/ 

8b 

V. 

STA 

ID  INTO 

;INrr.  POINTERS,  OOUNTERS,  TABLES,  ETC 


;  SYSTEM  ERROR  RflJTINE 
;U%D  CANCEL  CCMMAND 


;LQAD  RCM  REGISTERS  COMMAND 


;SET  UP  FOV  WRITE  TO  BUBBLE 

;  CLEAR  BUSY  DETECTOR 
;LINK  ALL  OF  BUFFER  AREA 
; RESET  COUNTERS 
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LINE 

#  LOC 

CODE 

0841 

0729 

A9  BC 

0842 

072B 

85  35 

0844 

072D 

A9  EV 

0845 

072F 

8D  3A 

11 

0847 

0732 

AD  3C 

11 

0848 

0735 

49  EF 

0849 

0737 

80  EC 

AE’ 

OK  50 

073A 

AD  3B 

11 

0851 

0731) 

49  EV 

0852 

0/3 1- 

80  AD 

AF 

0K5T 

0742 

A9  K3 

0854 

0744 

49  EE 

0855 

0/48 

81)  E9 

AE' 

0858 

0749 

A9  01 

0857 

074B 

49  EE' 

0858 

074D 

8f>  E8 

AE' 

0859 

07  V) 

80 

0861 

0751 

0862 

0751 

0863 

0751 

48 

0864 

07S2 

A9  00 

0865 

0/54 

85  OC 

0866 

0/58 

78 

0867 

0757 

20  EB 

07 

0868 

07  SA 

AD  32 

11 

0869 

0751) 

8D  22 

11 

08/0 

0760 

AD  31 

11 

0871 

0/63 

80  2.1 

11 

0872 

0/66 

58 

08/3 

0/67 

38 

0874 

0/68 

ED  23 

11 

0875 

0768 

80  25 

11 

0876 

076e; 

AD  22 

11 

0877 

0771 

ED  24 

11 

0878 

0774 

8D  26 

.11 

0879 

07/7 

18 

0880 

0778 

AO  25 

n 

0881 

07/8 

6D  27 

n 

0882 

07/ E 

80  27 

li 

0881 

0/81 

AD  26 

li 

0884 

0/8/) 

6D  28 

ii 

0885 

0787 

80  28 

ii 

H886 

0/8A 

18 

0887 

0/88 

A9  01 

0888 

O/KI) 

6D  2B 

n 

0889 

0790 

81)  28 

n 

0890 

0723 

A9  00 

0891 

0/95 

61)  2C 

u 

0892 

0798 

8D  2C 

n 

1)893 

0/98 

68 

089/) 

079C 

60 

LINE 

LQA  #>HJPO 
sta  poirn+i 

im  #$ff 

STA  C40FLG 

LDA  CNT40+  1 
EOf{  #$ET 
STA  T2CNTR 
U>\  CNT40 
BOR  #$FF 
STA  T7J/1IW 

lm  i^mooon 

BOR  #$FK 
ST  A  TLTL2 
LIA.  #1 
EOK  #$FF 

sta  u;nj3 

irrs 


BEWRDN 

PHA 
LDA  #0 
S'EA  UBUSY 
SKI 

JSR  UDTIEE 
IIA  oAVM+1 

sta  pdtimeI 

TJA  SAVM 
S1A  PUTIM 
CIA. 

SEC 

SIC  PUTIM 
SIA  TIMDIF 

ija  pdtiw-i 

SBC  PUTLM+l 
SCA  T1MDIF+1 
a,c 

(JIA  TIFDIF 
ADC  T1VT  IM 
SEA  TPUTIM 
IDA  TTMD1E+1 
ADC  TIVnMfl 
SIA  TPUTIMfl 
CLC 
LDA  #1 
ADC  NPWRDN 
STA  NPWRDN 
rjiA  //o 

Air,  NFWRDNfl 
STA  NPWRDN+1 
IT  A 
RTS 


;SET  UP  INTERVAL  TOER  -  T2  FCR  AO  WORD  COUNT 


;  WRITE  EBB 


;  WRITE  TIMER  2  LATCH 

;CQNERCL  RBG2  -  ADDRESS  CNIL  REG  1,  CLOCK  T2 
;T2  “  16  BITS,  T2  -  1-SHOT,  T2  OUTPUT  ENABLED 

^DISABLE  ALL  INTERVAL  TIMER  IRQ'S 


;POWffi  DOWN  THE  BUBBLE  TO  SAVE  ENERGY 
AND  CALCULATE  TIME  BUBBLE  UP 


87 


PHYSIOLOGICAL  DATA  AOQUISIT . PAGE  0022 


LINE  #  LOC 

CODE 

LINE 

0896 

079D 

BRVKUP  ;P0WES  UP  THE  BUBBLE 

0897 

079D 

;  AND  CALCULATE  TIME  DOWN 

0898 

079D 

48 

PHA 

0899 

079E 

A9  00 

uav  7811000000  ;SET  PCWER  (.  BUSY  FLAG 

0900 

07A0 

05  OC 

ORA  BBUSY 

0901 

07A2 

85  OC 

STA  BBUSY 

0902 

07A4 

78 

SE1 

0903 

07A.9 

20  EB  07 

JSR  RDTUE 

0909 

07A8 

AO  32  11 

IJA  SAVAA+1 

0909 

07AB 

80  24  11 

ST  A  wnM 

0906 

07AK 

AD  31  11 

1  DA  SAVAA 

0907 

07111 

80  23  11 

STA  PUT1M 

0908 

0/B4 

58 

(DL 

0909 

0711.9 

38 

SEC 

0910 

07tv. 

ID  21  11 

SBC  P1JTIM 

0911 

07119 

80  25  11 

STA  TIMDIF 

0912 

07  BC 

AD  24  11 

IJA  PUTTM+1 

0913 

O'/nK 

ED  22  11 

SBC  PDT'iM+l 

0914 

07C2 

8D  26  11 

STA  TIMDIF+1 

0915 

0709 

18 

(DC 

0916 

07a, 

AD  25  11 

UA  TIMDIF 

0917 

07C9 

6D  29  11 

aj:ic  TPoriM 

0918 

07a: 

HD  29  11 

SLA  TPOTIM 

09(9 

07CF 

AD  2A  11 

IJ1A  TLTJriM+1 

0920 

0702 

60  26  11 

aix:  tlmdif+i 

0921 

0709 

80  2A  11 

S'lA  TPDV1M+1 

i  >622 

07  08 

!rt 

(DC 

0923 

07D9 

A9  01 

IDA  #1 

0924 

07  OH 

60  21)  J] 

ADC  NIXTRUP 

0929 

0/OK 

HO  20  11 

S1A  NPWRUP 

0926 

0/EI 

AO  00 

1JA  7/0 

0927 

07  El 

t,h  2K  11 

ADC  NPWRUP+1 

0928 

07  ih 

80  2k  11 

S'lA  NPWHUP+1 

0929 

07  K9 

68 

PI  A 

0930 

0/,'A 

60 

KTS 

0932  07EB  RDTIME  ;SAVE  TITER  VALUES  THIS  CONVERSION  -  USE  'X' 


0933 

07EB 

AD  re  AF 

IDA  TZLL 

;  MASTED  TITER  LOW 

0934 

07KK 

AC  F9  AF 

LDY  T2HC 

0935 

07  K 1 

49  FF 

BOR  #$FF 

;  INVERT  FOR  BUSS 

0936 

07  KB 

49  FF 

bor  #$FF 

;MAKE  2'S  CCMFLEMENT 

0937 

0/K9 

18 

CLC 

0938 

07(4) 

69  01 

ADC  7/1 

0939 

O/KK 

89  31  11 

STA  SAVAA 

0940 

07  KB 

98 

TYA 

094! 

o/h; 

49  FF 

im  7/$ff 

0942 

O/KE 

49  re- 

KOK  7/$E’F 

0943 

0800 

69  00 

adc  m 

O'M 

08(i2 

81)  32  11 

STA  SAVAA+1 

0949 

08G5 

60 

KTS 

0947 

0806 

HA 

RDITM1  TXA 

0948 

0807 

OA 

ASL  A 

88 
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LINE 

#  LOC 

code 

0949 

0808 

A8 

0950 

0809 

AD  31  11 

0951 

080C 

99  m  00 

0952 

080F 

AD  32  11 

0951 

0812 

99  DU  00 

0954 

0815 

F6  4A 

0955 

0817 

60 

LINE 

TAY 

IDA  SAVAA 
STA  THSnM,Y 
LDA  SAVAA+1 
STA  THSTIM*-1  ,Y 
INC  COJNTr.X 
RTS 


jINGtEMENT  DELTA  TIME  GUNTER 


89 


PHYSIOLOGICAL  DATA  AOQUISIT, 


PAGE  0024 


LINE  #  LOG  (XL® 


LINE 


0957  0818 
0958  0818  A5  46 


KEEP  j  DETERMINES  IF  VALUE  SAVED  OR  THROWN  AWAY 

HA  KEPNDX  ;  (HECK  METHOD  OF  STORAGE 


0960 

081A 

BITS  2  1 

0 

STORAGE  METHOD 

0962 

08 1A 

0  0  0 

MODIFIED  VAR.  CHANGE— 1  LSB 

0963 

08 1A 

0  0 

1 

MODIFIED  VAR.  CHANGE— 2  LSB 

0964 

08 1A 

0  1 

0 

DELTA  OONl'MXUS— 1  LSB 

0965 

08 1A 

0  1 

1 

DELTA  CONTINUOUS— 2  LSB 

0966 

08  LA 

1  0 

0 

VAR.  CHANGE — 1  LSB 

0967 

08.LA 

1  0 

1 

VAR.  CHANGE — 2  LSB 

0968 

08 'A 

1  1 

0 

DO  NO!  SAW  THIS  CHANNEL 

0969 

08  A 

1  I 

1 

COWILNUOUS 

0971 

08  LA 

29 

OF 

AND  7/$0F 

0972 

081G 

AA 

TAX 

0973 

0811) 

BD 

6D  11 

LIA  METHOD, X 

0974 

0820 

29 

07 

AND  ftOOOOOlll 

0975 

0822 

FO 

22 

BHQ  MVC1 

0976 

0824 

G9 

01 

IMP  #1 

0977 

0826 

FO 

22 

BWQ  MVC2 

0978 

0828 

C9 

02 

CMP  #2 

0979 

082A 

FO 

6a 

REQ  DGM1 

0980 

0820 

C9 

03 

CMP  7/3 

0981 

082 E 

FO 

6A 

BbQ  1X1M2 

0982 

0830 

09 

07 

CMP  7<7 

0983 

0832 

IX) 

03 

BNE  *)  5 

0984 

08% 

4c: 

7E  09 

JMP  (MINUS 

0985 

0837 

C9 

04 

(MP  7*4 

0986 

0839 

DO 

03 

BNE  *+5 

0987 

08.3U 

4C 

FO  08 

JMP  V(M1 

0988 

08 3 E 

G9 

05 

(MP  #5 

0989 

0840 

IX) 

03 

BNE  *+5 

0990 

0842 

4c 

F4  08 

JMP  VCM2 

0991 

082,5 

60 

RTS 

0993 

0846 

A9 

01 

MVC1 

1JA  7/1 

;MDDIETED  VARIABLE  CHANGE  STORAGE  METHOD 

09% 

0848 

IX) 

02 

RNK  MVC 

0995 

08/A 

A9 

02 

MVC2 

UA  7/2 

09% 

08/81 

85 

IE 

MVC 

S'lA  ACURCY 

0998 

084K 

20 

9K  09 

JSK  1)1  FF 

;  CALCULATE  DIFFERENCE  AND  MAGNITUDE 

1000 

0851 

A5 

49 

UA  MDIFF 

100! 

0851 

FO 

3A 

REIJ  KEEP 7 

;SEF,  IE'  TIMjR  OVERFLOWED 

1003 

0855 

(,S 

08 

(MP  7/8 

1004 

0857 

■X) 

OK 

Ha;  MVC3 

;  CHECK  MAGNITUDE  OUT  OF  RANGE 

1005 

0859 

C9 

09 

IMP  II') 

KXX) 

0858 

90 

03 

R«:  *-*5 

1007 

0851) 

4<: 

76  09 

JMP  KEEP9 

1008 

0860 

A  5 

/,; 

IJA  VI) IFF 

!CX)9 

0862 

30 

03 

HMI  A»5 

1010 

0864 

A: 

76  09 

JMP  KEEP9 

90 
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LINE  #  LOG  CODE  LINE 


1012 

0867 

B5  4A 

MVC3 

mi  OOUNTTjX 

;  CALCULATE  AND  OUTPUT  VALUE 

1013 

0869 

QA 

ASL  A 

1014 

086A 

QA 

ASL  A 

1015 

08611 

OA 

ASL  A 

1016 

086C 

QA 

ASL  A 

1017 

0860 

95  4A 

STA  CCUNTT.X 

1018 

0868 

A5  47 

LUA  VDIFF 

1019 

0871 

29  Ob- 

AND  71$0F 

1020 

0873 

15  4A 

OKA  cajNTT.X 

1022 

0875 

20  C6 

09 

KEEP6 

JSR  SAVE 

;G0  SAVE  'A'  INTO  BUFFER  'X' 

1023 

0878 

8A 

TXA 

; UPDATE  LSTVAL  $  LSTTIM 

1024 

0879 

QA 

ASL  A 

1025 

087A 

A8 

'IAY 

1026 

08711 

119  OA 

00 

1JJV  THSTIMjY 

1027 

087K 

99  AA 

00 

S'lA  IjSTTIMjY 

1028 

0881 

B9  DB 

00 

LDA  THSTIMH  ,Y 

1029 

OPM 

99  AB 

00 

STA  lJSnTM+l  ,Y 

1030 

0887 

B5  9A 

111A  LSTVAL.X 

1031 

0889 

18 

CLC 

1032 

088A 

68  48 

ADC  SDIEF 

1033 

088C 

95  9A 

STA  LSIVALjX 

10.34 

088E 

60 

RTS 

1036 

0888 

B5  4A 

KEEP7  1JYV  OOUNIT.X 

; CHECK  TIME  OVERFLOW 

1037 

0891 

29  OF 

AND  #$08 

1038 

0898 

I'-O  HO 

1111}  KEEP6 

1039 

0895 

60 

RTS 

1041 

0896 

A9  01 

DCM1 

UYL  #1 

;DEL1A  CONTINUOUS  STORAGE  METHOD 

1042 

0898 

DO  02 

BNE  1XM 

1043 

989A 

A9  02 

DCM2 

lda  n 

1044 

089C 

85  hi: 

DCM 

STA  ACURCY 

1045 

089 K 

20  9K  09 

JSR  DIFE 

;GET  DIFFERENCE  AND  MAGNITUDE 

1047 

0HA1 

A5  49 

1113  MDtbF 

;  CHECK  FOR  OUT  OF  RANGE  ERROR 

1048 

08A3 

C9  08 

CM1’  #8 

1049 

08A5 

90  OK 

BOO  DOG 

1050 

08A7 

C9  09 

CMP  7/9 

1651 

08A9 

90  03 

bcc:  *+5 

1052 

08A11 

4C  76  09 

JMP  KEEP9 

1058 

08AE 

A5  47 

IDA  VDrbE 

toy# 

08110 

30  08 

RMI  *+5 

1055 

08.B2 

4C  76  09 

JMP  KKKP9 

1057 

08B5 

B5  14 

DCM3 

LUA  CJIANIS.X 

;  CALCULATE  AND  OUTPUT  VALUES 

1058 

08117 

29  40 

AND  7^0 1000000 

1059 

08119 

10  17 

I1NK  MM4 

; BRANCH  IF  WORD  bULL 

1060 

081  IB 

B5  14 

l.l>\  ( MAULS  ,X 

1061 

08BI) 

09  40 

CRA  tell 000000 

;  RESET  FlAG 

1062 

08B8 

95  14 

S’lA  (JUNLS.X 

91 
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LINE  #  LOC  CODE  LINE 


10t>4 

08C1 

A5 

47 

UA 

VDIET 

1063 

08C3 

29 

OF 

AND 

#$0F 

1066 

08C5 

OA 

ASL 

A 

1067 

08C6 

OA 

ASL 

A 

1068 

08C7 

OA 

ASL 

A 

1069 

08C8 

QA 

ASL 

A 

tO  70 

08C9 

10 

6D 

11 

(HA 

METHOD  ,X 

1071 

08«: 

90 

6D 

11 

STA 

METHOD  ,X 

.1072 

08CF 

-'ll: 

78 

08 

JMP 

KKEP6+3 

1074 

08D2 

33 

14 

DCM4  FOR 

(HANLS.X 

1073 

08D4 

93 

14 

STA 

QIANLS.X 

t076 

08Dt. 

FID 

60 

11 

IJA 

mi:  i  f  wo  ,x 

1077 

0HD9 

29 

FO 

AND 

//SET) 

1078 

0801$ 

8D 

m 

10 

STA 

TIM' 

1079 

080K 

t$D 

6D 

11 

IJA 

MK'mOD.X 

1080 

081.1 

29 

OF 

AND 

#$0F 

1081 

08E1 

90 

60 

11 

S' 1A 

MtTUOD.X 

1082 

0816 

A3 

47 

UA 

VD1FF 

1083 

08K8 

29 

OF 

AND 

(?$ OF 

1084 

08EA 

OD 

18 

10 

ORA 

TEMP 

1083 

08  t'JJ 

4C 

73 

08 

JMP 

KKEP6 

1087 

0810 

A9  01 

vail 

IJA  #1 

1088 

08F2 

DO  02 

BNE  vat 

1089 

0814 

A9  02 

vac 

IJA  #2 

1090 

0816 

83  it: 

vat 

S  I  A  ACURCY 

1091 

0HF8 

20  9E  09 

JSU  DIFF 

1043 

08FH 

A3  49 

IJA  MDIFF 

1094 

0810 

FO  07 

BU}  VCM5 

10% 

08FF 

C9  10 

CMI’  7716 

1097 

0901 

90  QA 

BOC  VOQ 

1098 

0903 

4C:  70  09 

JMP  KF.KP9 

1100 

0906 

B5  4A 

VCM5 

IJA  aJUNIT.X 

1101 

0908 

29  7F 

AND  #$7F 

1102 

090A 

10  01 

HFTJ  VCM3 

1103 

090C 

60 

RTS 

1103 

09(H) 

119  14 

vao 

IJA  QtANIS.X 

1106 

090F 

29  40 

an!)  m 1000000 

1107 

091  ! 

DO  27 

BNK  VCM4 

1108 

0913 

113  14 

IJA  01ANLS,X 

1109 

0913 

09  40 

(HA  KOI 000000 

mo 

0917 

93  14 

STA  U!ANLS,X 

mi 

0919 

Fi9  4A 

LIA  UWNIT.X 

1112 

09111 

90  K9  10 

SLA  KaiNTL.X 

1113 

09  IK. 

A3  47 

IJA  VD1FF 

1114 

0920 

10  14 

BIT.  VOtt 

1113 

0922 

A9  10 

IJA  #$10 

1116 

0924 

10  02 

uni:  *+4 

92 


; CLEAR  OLD  DELTA  VALUE 


;VERIABLE  CHANGE  STORAGE  METHOD 


;  CALCULATE  DIFFERENCE  &  ADJUST  &  MAGNITUDE 


;  CHECK  DIFFERENCE  OUT  OF  RANGE 


H1YS ILLOGICAL  DMA  AGQUISIT 


■PAGE  0027 


LINE  #  LOO 

CODE 

LINE 

1117 

0926 

A9  00 

VCM8 

IDA  #0 

1118 

0928 

05 

49 

CRA  MDIFF 

1119 

092A 

OA 

AS1.  A 

1 120 

092B 

OA 

ASL  A 

1121 

092C 

CIA 

ASL  A 

1122 

0921) 

11) 

6D 

11 

OKA  MEIHQD.X 

1121 

09110 

9D 

6D 

11 

STA  METHOD  ,X 

1124 

09113 

A9 

00 

IDA  110 

1 12‘) 

09119 

99 

4A 

STA  tniOTT.X 

1 126 

091)7 

78.1 

78 

08 

JMP  KK1P6+3 

1128 

0911A 

95 

14 

VOl4 

hX)R  OlANLS.X 

1129 

091)1 : 

95 

14 

STA  OlANLS.X 

mo 

09HK 

III) 

60 

11 

1.1  A  ME II 100, X 

mi 

097.1 

29 

18 

AND  #$178 

11112 

094) 

OA 

AS!,  A 

i  ra 

0'A4 

80 

158 

10 

STA  TEMP 

1 1114 

094/ 

HD 

K9 

10 

ija  Kousrr.x 

ms 

094A 

90 

02 

IKX!  VCM6 

1  1.36 

09781 

09 

80 

ORA  /!$80 

11117 

094K 

20 

06 

09 

VCM6 

JSR  SAVE 

L1118 

0991 

A  5 

49 

l.rv\  MDIKF 

11119 

0991 

00 

1-8 

10 

ORA  TI-MP 

1  UiO 

0990 

20 

06 

09 

JSR  SAVE 

'  141 

0999 

11 9 

4A 

IJA  atSTT.X 

1 142 

(I9MS 

24 

4/ 

HIT  VOII  K 

1 1411 

0991) 

10 

02 

HI’I .  V(.M7 

1  W> 

0‘)9K 

09 

.80 

•  HA  ■  $80 

1 149 

09*>l 

2D 

(>. 

09 

VCM7 

JSR  : AVI, 

!  144 

O'DA 

A9 

on 

IJA  •(> 

114/ 

90 

>■.'.) 

10 

Si  A  1  ■  1  'MIT,X 

1148 

0‘»>9 

99 

4A 

si  a  orvrr.X 

1190 

CAR 

HO 

60 

1! 

•JA  MKIHOD.X 

1191 

O' »ii-; 

29 

0/ 

AND 

1  192 

09/0 

00 

60 

11 

S'! A  M'TIIOD.X 

1194 

09/) 

40 

78 

08 

IMP  KI-.EP6* ! 

1198 

09/6 

A9 

A! 

KEKIN 

I.IA 

1197 

09/8 

80 

K9 

10 

SI  A  IRKH’' 

1198 

OM/H 

782 

83 

09 

IM"  ERR'TX. 

1160 

09/K 

115 

(A 

U/TNUS  1 JA  T1ISVA!  ,.K 

1161 

O'W) 

472 

06  09 

JMP  1  AVI 

1163 

098) 

/8 

MKMSC  SKI 

1164 

0987, 

A 5  oc 

IJA 

iimsY 

1165 

0')H6 

29  40 

AND 

/■:ao 

1 166 

7)988 

ED  07 

HU* 

!i>  i 

1167 

DOHA 

20  51  07 

JSR 

I1IVIKUN 

1168 

098,0 

78 

SSI 

;  RESET  SAV>7)  VAI  'IK 


,  DATA  RANGE  KKK1H 


.SUHKdTlNK  TO  HANIXE  CONTINUOUS  STORAGE 


,KKK(K  MESSAGE  -  UPDATE  TITERS  6  HALT  IEOGRAM 


;  OPIATE  lDlWKKl)  UP  T1TES 


PHYSIOLOGICAL  DATA  AOQUISIT 
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LINE  #  LOC 

CODE 

LINE 

1169 

098E 

4C  95  09 

JMP  ER2 

1170 

0991 

20  9D  07 

ER1 

JSR  m®UP 

1171 

0994 

78 

SEE 

1173 

0995 

AD  F9  10 

ER2 

LDA  ERRPTR 

1174 

0998 

20  ED  05 

JSR  MSGOUT 

1173 

099B 

4C  FO  C9 

JMP  M3NI1R 

1177 

099 E 

38 

DIET 

SEC 

1178 

099F 

B5 

CA 

U1A  THSVAL.X 

1179 

09AI 

K5 

9A 

S8C  LSTVAL.X 

1180 

09A3 

85 

48 

SIA  SDIFE 

1181 

09A  5 

85 

47 

STA  VDIl-'F 

1182 

09A7 

10 

05 

81",  DIF'Fl 

L1K3 

09A9 

18 

01  jC 

1184 

09AA 

49 

EE 

EOR  #$FF 

1183 

09AC 

69 

01 

ADC  #1 

1187 

09AE 

85 

49 

DIFTl 

STA  MDIFF 

1189 

09H0 

A5 

FE 

IDA  ACURCY 

1190 

0982 

C9 

02 

CMP  #2 

1191 

09154 

90 

OF' 

HOC  ADIFFl 

1192 

0986 

24 

47 

BIT  VDLFF 

1193 

0988 

30 

01 

8MI  *+3 

11% 

09  8A 

18 

CLC 

1195 

0988 

66 

47 

ROR  VO IFF 

1196 

098 1) 

46 

49 

LSI!  MDTFE 

1 1 97 

998F 

A5 

48 

1JA  SDIFE 

1198 

09-  :1 

29 

ft: 

AND  f$FE 

1199 

0903 

85 

48 

SIA  SDIFE 

1200 

0905 

60 

ADIFEl 

RTS 

;  UPDATE  POWERED  DOWN  TUBS 

;  CALCULATE  DIFFERENCE  AND  MAGNITUDE  VALUES 
;SAVE  DIFFERENCE 

;SAVE  MAGNITUDE  OF  DIFFERENCE 
-.ADJUST  DIFFERENCE  6  MAGNITUDE 

;SET  CARRY  IF  NEGATIVE 


l 


PHYSIOLOGICAL  DATA  AOQUISIT 


.PAGE  0029 


0  ‘ 


m 


i 


LINE  #  LOC 

an* 

LINE 

1202 

09C6 

SAVE 

•.SUBROUTINE  TO  SAVE  '  k'  IN  BUFFER  BLOCK  X 

1203 

09C6 

8E  34  11 

STX  SAVEX  ;SAVE  REGISTERS 

1204 

0909 

8C  36  11 

STY  SAVEY 

1205 

090C 

8D  33  1 1 

STA  SAVEA 

1206 

09CF 

A9  10 

1J1A  #$KJ  :  CHECK  FOR  DIGITAL  CHANNEL 

1207 

091)1 

20  34  11 

BIT’  SAVEX 

1208 

09L4 

1)0  31) 

HNE  SAVE4  ;  BRANCH  IF  DIGITAL  CHANNEL 

1210 

091)6 

8A 

SAVE3 

1XA.  ;GET  INDIRECT  ANALOG  POINTER 

1211 

090/ 

OA 

AS! .  A 

1212 

09D8 

AA 

TAX 

1213 

091)4 

1)4  7A 

1J)Y  CCHBLK.X 

1214 

091)1) 

84  34 

S'lY  P01OTR 

1215 

09!)!  > 

H4  7B 

1  J)Y  CCltBLK+l.X 

1216 

09DK 

84  35 

S'lY  pointr+i 

1217 

04h.| 

AE  34  11 

U)X  SAVtX 

1218 

041-4 

1)2)  36 

LUY  OHKPTR.X  ;GET  OFFSET 

1219 

09F6 

Al)  33  11 

!J*\  SAVI-A 

1220 

091:9 

'll  34 

SEA  (IX)!NTR),Y  ;SAVE  DATA 

1222 

09EB 

18 

INY  ;CHECX  THIS  15! XXX  OVERFLCWED 

1223 

09IX) 

CO  2K  11 

CPY  UHKSZ1  ; COMPARE  TO  UNIT  BLOCK  SIZE 

122.4 

09  KK 

1)0  06 

BOS  SAVE2  ;  BRANCH  IF  BLOCK  OVERFLOW 

1226 

09K 1 

94  36 

SAVEl 

SIY  CBKPTE.X  ;U1>DATE  OFFSET  POINTER 

1228 

0913 

AC  36  11 

1IJY  SAVEY  ; RESTORE  REGISTERS  AND  RETURN 

1229 

0916 

60 

RTS 

123! 

09K7 

20  A4  OA 

SAVE2 

JSR  BLKAIX!  ;GET  ANOTHER  B1XXX  ALLOCATED 

1232 

09KA 

8A 

TXA 

1233 

09K8 

OA 

ASI.  A 

1234 

09D : 

AA 

TAX 

'235 

09m 

A  5  10 

IJYY  NEWfflJC 

12.36 

09KK 

AO  2K  11 

U1Y  UBKSZl 

123/ 

0A02 

41  34 

S'lA  CPOrNTK),Y  ;L1NK  I5IXXKS 

1238 

0A04 

95  /A 

S'! A  OCimiK.X  ; UPDATE  CURRENT  B1XXX  POINTER 

12.39 

f  IAU6 

(8 

INY 

1 240 

0A07 

A  5  11 

IJ A  NKWHIK+1 

1241 

OA09 

41  34 

STA  (POINTRl.Y 

(242 

OAOl) 

45  71) 

S'lA  COIHlK+!,X 

1 2.43 

('ADD 

,11  (>)  OA 

.ISR  WRIII11  ;  WRITE  BUXK  HEADER 

!  244 

o,Mn 

40  I'l  09 

JMP  SAVEl 

1246 

OAl  1 

8A 

SAVE4 

I'XA  '.THIS  IS  A  DIGITAL  CHANNEL 

1247 

0a!4 

29  03 

AND  #$03 

1 248 

OAl  6 

80  35  1 1 

STA  SAVX 

1249 

0A!9 

OA 

AS!.  A 

!  290 

O.VA 

AA 

TAX 

1251 

OA 1 1! 

HI)  49  11 

!JV\  Cl’IllK.X 

1252 

OAl  K 

85  Vt 

STA  POIWTR 

1253 

O/L’O 

1)0  4a  11 

l,IV\  CPIlIK+l  ,X 

1 254 

0A21 

85  35 

STA  11 )  1 N11C+ 1 

1254 

0/0’ 5 

AE  35  11 

1J1X  SAVX 

1254 

0,0 ’H 

HO  4!  11 

1  .DA  I’BKITK.X 

95 


PHYSIOLOGICAL  DATA  ACQUIS IT 
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LINE  #  UJC  OODE  LINE 


1257 

QA2B 

A8 

TAY 

1258 

QA2C 

AD  33  11 

1XA  SAVEA 

1259 

0A2F 

91  34 

SEA  (POINTR),Y 

;SAVE  DIGITAL  CHANNEL  DATA 

1260 

0A31 

OR 

LNY 

1261 

0A32 

CC  2K  11 

CPY  UBKS7.1 

;  (KEtX  BLOCK  OVERFLOW 

1262 

QA95 

80  OE 

80S  SAVE6 

1264 

0A)7 

98 

SAVE5 

'IYA 

1265 

0A98 

90  51  11 

S3 A  PBKPTR.X 

1266 

0A1M 

AC  36  11 

UJY  SAVEY 

1267 

0A3K 

AD  38  11 

LUA  SAVEA 

1268 

0A41 

AE  34  .11 

12  tt.  SAVEX 

1269 

GA44 

60 

RTS 

1271 

QA43 

20  A4  OA 

SAVE6 

JSK  BLKALC 

1272 

QA48 

HA 

3XA 

1273 

0A49 

OA 

ASL  A 

1274 

QA4A 

AA 

"LAX 

1275 

0A48 

A5  10 

!.ii\  NEWBLK 

1276 

0A4O 

AC  2F  11 

L IV  UBKSZl 

1277 

0A5O 

91  34 

STA  (POTNTR).Y 

1278 

0A52 

9!)  49  11 

STA  CPBLK,X 

1279 

0A56 

C8 

m 

1280 

0A56 

A  5  11 

lJYi  NEWBLK+1 

1281 

0A59 

91  34 

S3  A  (POINnO.Y 

1282 

QA5A 

91)  4A  11 

S3  A  CPB1K+1  ,X 

1283 

(1A5[1 

A)  63  OA 

JSK  Willi  DR 

1284 

()A60 

4C  37  QA 

JMP  SAVES 

1286 

0A63 

AO  00 

WRHDR 

1  J)Y  m 

;  WRITE  BLOCK  HEADER  DATA 

1287 

0A65 

AD  34  11 

LDA  SAVEX 

; CHECK  ANALOG  OR  DIGITAL 

1288 

0A68 

29  10 

AND  ,"$10 

1289 

OMxA 

fo  11 

BUQ  WRHDRi 

1291 

0A6C: 

AE  35  11 

I.DX  SAVX 

; DIGITAL  CHANNEL 

1292 

0A6F 

B5  FA 

ijw  ports, x 

1293 

0A71 

29  03 

AND  #$! 

12% 

Oa/3 

09  10 

OKA  2$ 10 

1296 

OA/5 

91  10 

S' A  <  N1WBLK)  ,Y 

12% 

OA/7 

09  80 

<  KA  #$80 

1297 

0A79 

91  % 

STA  (folNTR),Y 

;  E3AG  LAST  BLOCX  FULL 

1298 

0A7H 

C8 

lire 

1299 

oa/c: 

60 

R'IS 

1301 

OA/D 

AE  34  11 

WRHDRI 

IJ1X  SAVEX 

; ANALOG  CHANNEL 

1302 

0A80 

1)5  14 

LDA  (HANTS, X 

130) 

0A82 

29  01' 

AND  //$ OK 

13% 

0A84 

91  10 

S3  A  (NEWBUO.Y 

1305 

0/V16 

09  80 

OKA  #$80 

no6 

0,588 

91  V, 

STA  (RHWnO.Y 

;E3AG  LAST  BLOCK  FULL 

130/ 

6, VIA 

(8 

[NY 
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LINE  #  I/X 

OODE 

LINE 

1310 

QA8D 

AA 

TAX 

131) 

QA8E 

B5 

m 

1UA 

THSTIM.X 

1311' 

Cl/\90 

91 

10 

STA 

(NEWlilJO.Y 

1313 

0A42 

HS 

DB 

LUA 

'DIST  JAM-1  ,X 

1314 

0A94 

ifi 

CNY 

13  r> 

0A9S 

91 

10 

STA 

(newbie)  ,y 

13  lh 

QA97 

AK 

34  11 

i  JlX 

SAVEX 

13  U 

0A9A 

B9 

I'A 

uw 

TOSVAL.X 

1318 

0A9C 

08 

1NY 

1319 

0A9!) 

91 

10 

STA 

(NtVBLK),Y 

1320 

0A9K 

A!) 

33  11 

l.'V\ 

SAVl-'A 

1321 

0AA2 

CJ3 

INY 

1822 

0AA3 

oO 

ins 

1324 

0AA4 

bjkalc 

;  BLOCK  ALIjOCATE 

1323 

0AA4 

; DELINK  A  BLOCK,  IF  80%  BUFFER  RILL  SET  FLAG 

1327 

QAA4 

C6 

01) 

dec: 

Nl.lNK 

;U1ECX  LINK  EMPTY 

1328 

0AA6 

30 

28 

BM1 

HUC-V.l 

1330 

OAAH 

AS 

OE 

V  '-.IK 

;ASS1GN  A  NEW  BLOCK 

1331 

OAAA 

HS 

10 

.9  -VSK 

L832 

OAAG 

AS 

OK 

■  »\ 

'  !»! 

1833 

OAAK 

MS 

1 1 

'  JSt 

1333 

OAHO 

AO 

00 

un* 

'•'(I 

; DEI. INK  BI/XK 

1886 

0AK2 

111 

10 

■ *\ 

,  T'.WK)  ,Y 

1837 

OA1V) 

KS 

OK 

ST  A 

•’’LINK 

1888 

0Ai«. 

(73 

1NY 

1889 

OAH/ 

!» 1 

10 

'  .1 1\ 

1  NIVBIK)  ,Y 

1940 

OAK'I 

39 

OK 

S'lA 

"T .  INK  + ! 

1  342 

0AI1I3 

A4 

0!) 

BLKAL3 

1  JlY 

Nl.lNK 

;  CHECK  80%  BUFFER  RJLL 

194 3 

0ABO 

(XI 

or.  11 

guy 

N80 

1944 

( lAl  0 

130 

07 

BUS 

111  KA1 2 

;  BRANCH  IF  NOT  RJLL 

1  146 

0AC2 

AS 

oc 

B80 

LUA 

BflUSY 

;SET  BUFFER  80%  KILL  FLAG 

184/ 

OAC4 

09 

20 

ora 

kooi  ooooo 

!  9/43 

0AG6 

89 

(k: 

STA 

liliUSY 

!  949 

0a<?3 

40 

ins 

1  VXl 

OaCO 

AS 

(k: 

BIKAL2 

I J  w 

I3I3USY 

;C!EAR  80%  FLAG 

19', 1 

(IACI3 

2" 

ok 

AMI) 

m  mi  i  j  j  i 

1 982 

OACO 

89 

0C 

S’lA 

H19.ISY 

1988 

OACK 

hO 

ms 

I3SS 

DADO 

A9 

AK 

BIKALl 

1JV\ 

7<M3CI  1 

; 'RAM  DEPLETED' 

1986 

0A02 

30 

1-9  10 

S'lA 

HRRFTR 

19  87 

1  lAf >9 

AC 

83  09 

JM1* 

krimk: 

1399 

0AD8 

LINK  ;ADD  A  BIIXK  TX)  THE  LIMC  -  INCREMENT  THE  LINK  CXXiNl' 

1961 

0A08 

AO 

(X) 

1  JlY  M) 

1942 

OAOA 

AS 

OK 

LOA  TLINK 

97 
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LINE 

7/  LOC 

CODE 

1363 

qadc 

91 

12 

1366 

Qade 

C8 

1365 

oadf 

A5 

OF 

1366 

qaei 

91 

12 

1367 

0AE3 

AS 

12 

L36H 

0AE5 

85 

OK 

1369 

QAE7 

A5 

13 

1370 

0AK9 

85 

OF 

1372 

qaeh 

lib 

on 

1373 

OAED 

no 

a: 

1375 

0AEF 

60 

LINE 

SXA  (GLDBLK),Y 
INY 

IDA  TLINK+1 
STA  (CLDBLK).Y 
IJ1A  OLOBLK 
S'lA  TLLNK 
LM  OLDBLK+1 
S' (A  TLlNK+i 

INC  NLLNK 
liNli  BLKAL3 

RTS 


;  CHECK  80%  BUFFER  FULL 


98 
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LINE  #  LOC 

CODE 

LINE 

1377 

QAFO 

BUBBLE 

PUT  LINKED  LIST,  ADERESSED  BY  (CURBFA)  INTO  BUBBLE 

1378 

qaeo 

8E 

39 

11 

SIX  BSAVX 

1380 

QAF3 

AO 

00 

BUBLE1 

LDY  7*0 

1381 

QAF5 

84 

09 

STY  HUBNEK 

ZERO  BUBBLE  INDEX 

1382 

0AF7 

Bl 

GA 

I LA  (CJJRBEA)  ,Y 

CHECX  BLOCK  FULL 

1383 

0AF9 

30 

28 

I1MI  BURIE2 

BRANCH  IF  BLOCX  PULL 

1384 

Qaph 

A9 

10 

LDA  7*$  10 

OlECX  PUR  DIGITAL  CHANNEL 

1388 

oafd 

24 

(X: 

BIT  IIIWSY 

138b 

OAFF 

19) 

!  1 

8!i)  !«;n(>;7 

BRANCH  IF  ANALOG  CHANNEL 

1388 

0801 

Al) 

39 

11 

!M  BSAVX 

1389 

0BO4 

AA 

TAX 

UPDATE  DIGITAL  (RAN  POINTERS  A  RETURN 

1390 

0)109 

OA 

AHL  \ 

1391 

0806 

AH 

3  AY 

1392 

0807 

A  9 

QA 

IJ1A  CURI1KA 

1393 

0809 

99 

41 

11 

9TA  PBFADD.Y 

1394 

OnOc 

A9 

08 

IJA  CURHFA+l 

139‘> 

OliOK 

'*9 

42 

11 

S'lA  PHFADIB-1  ,Y 

13% 

(till  1 

60 

iris 

1398 

0812 

;11PMTE  ANAICIG  QIAN  POINTERS  &  REIURN 

1349 

0812 

Al) 

39 

11 

BUBLE7 

IJA  BSAVX 

N01’  FU1J,  -  DON'T  DUMP 

1400 

0819 

M 

TAX 

RESTORE  X 

140] 

0)116 

OA 

ASI,  A 

UPDATE  POINTERS  AND  REIURN 

■  -(02 

08!  7 

A8 

TAY 

1403 

0818 

A9 

OA 

1.1  A  CURBPA 

1404 

OlltA 

99 

5A 

00 

STA  CBFADD.Y 

140'. 

08(f) 

A  9 

OH 

!JV\  CURBPA+1 

1406 

0111 K 

99 

58 

00 

STA  CBFADIM.Y 

1407 

0822 

60 

ins 

1409 

0823 

2C 

1C 

11 

BUBLE2 

HIT  DMAFIC 

1410 

0826 

10 

09 

111’!.  RUHI.E6 

1411 

0828 

AD 

00 

88 

1,1  A  !’A 

1412 

0.828 

20 

3D 

87 

JSR  WAI'l'H 

WAIT  PUR  IMA  OVER  &  CHECK  ERROR 

1413 

082E 

HD 

1C 

11 

STA  IMAF1.G 

1414 

0811 

A4 

09 

BUBIE6 

1  J)Y  Ill'BNDX 

14!') 

0.933 

AK 

3M 

11 

IJlX  I1296NX 

1417 

0816 

111 

OA 

BUI1LE3 

IJA  (UfR8KA),Y 

1418 

0818 

91) 

00 

HC 

STA  HOIYi.X 

SAVE  WORD  IN  BUBBLE  OUTPUT  BUFFER 

1419 

(min 

Eli 

3K 

11 

INC  It? 96 NX 

1420 

OIV'IK 

DO 

18 

ItNK  HI 'Itl/A 

1422 

0840 

;START 

SYSTEM-b9  IMA 

1423 

0840 

20 

AH 

B7 

JSR  I’Afirr 

1424 

08/(3 

A9 

48 

I.IA  (?$48 

SEND  WRITE  COMMAND 

1429 

01149 

20 

DC 

87 

JSR  SIND 

1476 

01148 

A9 

FF 

IJA  PSW 

147/ 

O'ViA 

HD 

IC 

!  1 

SNA  INAMG 

1428 

08/(1) 

20 

nc 

87 

JSR  SIT!!) 

SEND  EXECUTE  OCMPAND 

1410 

08‘)0 

Al) 

01 

118 

IJA  CKA 

1431 

089  1 

09 

10 

(HA  /'Sto 

99 
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LINE  #  LOG  CODE  LINE 


1432 

0B55 

8D 

01 

B8 

STA  CRA 

;  CLEAR  BUSY  DETECTOR 

1434 

0B58 

EE 

3D 

11 

BUBLE4  INC  C40 

1435 

0B5B 

AD 

3D 

11 

1IA  C40 

[436 

0B5E 

C9 

28 

CMP  #40 

1437 

0B60 

90 

3K 

BCC  BUBLE5 

;  BRANCH  ON  LESS  THAN 

1439 

0B62 

A9 

00 

LM  #0 

1440 

01364 

8D 

3D 

11 

STA  C40 

; RESET  OOUNTER 

1441 

0B67 

18 

CU) 

1442 

0B68 

AD 

OD 

11 

LDA  TOTAL 

;  CHECK  TOR  BUBBLE  FULL 

1443 

0136  B 

69 

28 

ADC  #40 

1444 

0B6J) 

8D 

OD 

11 

STA  TOTAL 

1445 

OB/O 

A9 

00 

1J1A  #0 

>446 

OB/7 

6D 

0£ 

11 

ADC  TOTAL+1 

1447 

Oil/1) 

80 

or-: 

.11 

STA  70TAU1 

1448 

01378 

A9 

00 

1J1A  #0 

1449 

013/A 

6D 

OF 

11 

ADC  TOTAL+2 

141)0 

013/0 

8D 

OK 

11 

STA  TOIALrt-2 

1452 

01380 

CD 

12 

11 

CMP  ETUIALrt-2 

1453 

0HH3 

90 

1C 

BOC  BURIJ35 

1454 

01385 

DO 

12 

RNE  IE6G 

1455 

01387 

AD 

OE 

11 

!  .1  >\  TOTAL+1 

1446 

0>18A 

CD 

11 

11 

IMP  l-’D  TAI/+1 

1457 

0138,1) 

90 

12 

BCC  13URLK5 

1458 

OBKK 

DO 

08 

BNE  IM5G 

'459 

0>3'<! 

AD 

01) 

11 

>.li\  TOTAL 

>460 

0:7  4 

CD 

10 

1.1 

OP  l-TOTAI, 

146! 

f.)Wf 

90 

(18, 

13a:  1311111  J-:5 

1463 

OH'J't 

A  9 

!3<: 

EESG  IJY3  7/<F6Ci2 

STOP-BUBBLE  FULL' 

>464 

OlWB 

80 

K9 

10 

STA  ERKPTR 

1465 

On(iK 

43' 

83 

09 

JMP  EKREfcG 

1467 

OIWl 

C8 

BUHLE5  INY 

;  CHECK  END  OK  BUETER  BLOCK  X 

|/>68 

013A2 

84 

09 

STY  HU13NDX 

>  469 

OI3(\4 

«: 

2K 

11 

OFY  UBKSZ1 

>470 

013.3/ 

130 

03 

bcs  kubij-h 

14/1 

0>3A9 

4C 

2.3 

on 

.IMP  13UI3LK7 

;JUMP  ON  TESS  THAN' 

14/3 

0I1AC 

A5 

OA 

BUBLE8  ! JW  (UKBKA 

;  RETURN  HJ/ICK  TO  STACK 

14/4 

0I3AK 

85 

13 

STA  01.DB1K 

1475 

013130 

A  5 

013 

LI  A  CURBKA+ 1 

14/6 

0".B2 

85 

13 

STA  0I.DI31K+1 

14/8 

011134 

111 

OA 

IJA  ((UKBKA)  ,Y 

jMUDIEY  BLOCK  POINTERS 

14/9 

fmiif) 

81) 

38 

li 

STA  TEMPA 

>480 

013139 

(8 

TNY 

1/(81 

OH  HA 

HI 

OA 

IJYV  ( (UKISKA), Y 

!/(87 

0",!1C 

85 

on 

STA  (URBFA+1 

1/(83 

(hike 

AD 

38 

li 

IJV\  TEMPA 

]  00 
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LINE  #  LOG 

CODE 

LINE 

1484 

0BC1 

85 

QA 

STA  CURBFA 

1486 

0BC3 

20 

D8  QA 

JSR  LINK 

;LINK  THIS  BLOCK  INTO  STACK 

1488 

0BC6 

4C 

K3  QA 

JMP  BURLE1 

1490 

0BC9 

LMGvLL 

;LINKS  TOGETHER  ALL  BLOCKS  OF  UNIT  BLOCK  SIZE 

149! 

0BC9 

» 

'UBKSIZ 

A  STR1TNC  WITH  'BUFFER  =>  'LSTHLK' 

1492 

0BC9 

A9 

01 

IDA 

#1 

;LINK  K1RSI'  BLOCK 

1493 

OUCH 

85 

01) 

STA 

NL1NK 

;S)T  UP  BLOCK  COUNT 

14% 

0!di 

AO 

ID 

11 

IJW 

18TKIK 

149’» 

OBDO 

85 

OK 

S'lA 

TL1NK 

14% 

061)2 

85 

12 

STA 

0!J)BUC 

149/ 

0K1>'( 

Al) 

!  K 

11 

UV\ 

l.STBLK+1 

1498 

0!!!)/ 

85 

OK 

STA 

TUNK+1 

1499 

OHIO 

83 

13 

S'lA 

(1!J»UJ<+1 

1501 

Obdu 

AO 

01 

IJIY 

n 

;SET  NU1J,  POINTER 

1502 

0800 

A9 

00 

1JA 

so 

1503 

OBDF 

91 

12 

S'lA 

(QLIJHIX)  ,Y 

1505 

OKK 1 

18 

IAKAI.l  C1.C 

;  MODIFY  POINTERS 

1506 

0KK2 

A5 

12 

l  JVC 

OIDBIK 

1507 

0K1-A 

K!> 

30 

11 

SBC 

UBKSIZ 

1  508 

0;v:/ 

85 

12 

STA 

0!  JJBIJs. 

1509 

0BK9 

A3 

13 

I  JVC 

OUJBIK+l 

1510 

Olll’.B 

17.) 

00 

sue 

#0 

1911 

OUK!) 

85 

n 

S'lA 

OLDBIK+1 

1512 

OUK.K 

20 

1)8 

QA 

JSR 

LINK 

;LTNK  NEXT  BLOCK 

1513 

Ol'.i'7 

A3 

1 1 

IJV\ 

OLDBIK+1 

jCHECX  IF  LAST  BLOCK 

1514 

0UF4 

CD 

20. 

11 

(Ml’ 

BUKKER+l 

1515 

Oi'.K/ 

FO 

02 

nwj 

1  .NKAL2 

;  BRANCH  >  OR  = 

1316 

0BK9 

110 

Yb 

BUS 

1NKAL1 

151/ 

OKKB 

A  5 

12 

LNCAL2  IDA 

01.DBLK 

1518 

Old) 

CD 

IK 

11 

CM!’ 

ROKI'TK 

1519 

Ook) 

i't) 

02 

HI'Q 

LNKALI 

; BRANCH  >  OR  = 

152't 

0(02 

ro 

1)0 

P.CS 

LNKALI 

152! 

01 04 

60 

INKAL3  RTS 

1 
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LINE  #  LOG 

CODE 

LINE 

1523 

0005 

j*****ibk***  VARIABLES  ********** 

1524 

0C05 

**•$1000 

1526 

1000 

49  4E 

ESGl 

•BYT  'INITIALIZE 

-  r 

1527 

100K 

20  20 

.BYT  '  DUMP  - 

D 

1528 

1010 

48  4K 

Eeca 

.BYT  'ENTER;' 

1574 

1022 

43  48 

MSC3A 

•  BYT  'CHAN  PERIODS' 

1V10 

1030 

20  20 

.BYT  '  METHOD; ' 

15!)] 

1030 

50  4E 

MSG4 

.  BYT  'PORT  PERIODS ; ' 

1537 

104B 

56  45 

ESC5 

.BYT  'VERIEY  -  V 

CHA' 

1833 

1050 

4E  47 

,  BY!'  'NCE  -  C 

OK  -  K  ;' 

1834 

106E 

5/  41 

MSGS 

.BYT  'WAIT  -  BUBBLE  IN1T;' 

1535 

1082 

43  /»!■• 

NSC  7 

.BYT  'COMMOTED 

1536 

1080 

71)  20 

. MVU  OVER  DOWN;' 

1587 

UH9 

4!  43 

MSG8 

.BYT  'ACTIVES;' 

1538 

tOA! 

4!  2.F 

M5G9 

. BYT  'A/D  RANGE  ERR;' 

1 339 

10AF 

52  4' 

MSG11 

.BYT  'RAM  DEPLETED;' 

l%0 

10m: 

5  8  yt 

iVSC'l  2 

.BYT  'STOP-BUBBLE  MILL;' 

154! 

IOC!) 

58  54 

NSC14 

.BYT  'STOP-TIME; 

1VC 

1007 

43  48 

NSC.15 

.urr  'chan  method;' 

1544 

10H7 

A7EMP 

*=*+j[ 

1545 

1018 

temp 

1547 

lOW 

KOUNIT 

*>**+16 

1548 

10W 

H3LRPXK  *«*+l 

1550 

10  EA 

01 

stoftm 

.BYT  1 

.STOP  SXMJLATION  WHEN  CLOCK  *»  STQPTM 

1551 

low 

00 

CLOCK 

.byt  o 

MASTER  CLOCK  OVERELOW 

1553 

lOrt: 

COUNTP  *“*+16 

PERMANENT  TIMER  CCUNTERS 

1554 

hoc 

03 

N80 

.BYT  3 

WHEN  #  BLOCKS  <=  N80,  START  BUBBLE 

1555 

uoo 

‘IOTA! . 

*--/-+3 

RUNNING  BUBBLE  SUM 

15% 

1310 

00 

E’lUTAL 

.BYT  $00, $25 ,$00 

;MAX  BUBBLE  COUNT  -  40 

16% 

nit 

25 

1 556 

1112 

00 

1857 

ini 

REGSTR 

SYSTEM  BUBBLE  REGISTERS 

1  558 

1 1  13 

(X)  02 

MKAD02 

.WOR  $0200 

BI/KX  ADDRESS  -  1BLOOC«256  8-BIT  W0RD6 

!  554 

1115 

00  BC 

RE7YD02 

.WR  BUPO 

I860 

111/ 

00 

NfilKS 

.BYT  $00 

NUMBER  BUX.XS  TRANSFERS  -  1 

1561 

! !  18 

00  02 

liKADI) 

•WOK  -'0200 

SEE  ROCKWELL  BUBBLE  USER  MANUAL  EOR  INK) 

181,7 

» 1  LA 

00  BC 

BEADI) 

.WOK  BUMO 

l56/( 

me 

DMAE7G  *=^*+1 

DMA  STARTED  FLAG 

!%5 

hid 

Ctt  3K 

LSTBIK 

.WOR  $31X0 

I  AST  laiXX  IN  BUFFER 

1566 

1 1  IK 

00  37 

HUFEER 

.WOK  $3700 

BEGINNING  OF  BUFEER 

1%8 

112! 

;  THESE 

USED  70  CALCULA7E  BUBBLE  ON/OFF  TIMES 

1864 

.’12! 

pirriM 

*~*+2 

CURRENT  POWER  DOWN  TIME 

1570 

H2! 

PUT1M 

*ks*+2 

CURRENT  POWER  UP  TIME 

15/1 

1 125 

rimy 

vtessfc-f  2 

TIME  DIFEERENCE 

1572 

1 1 27 

tmitim  *^*+/ 

TOTAL  POWER  UP  TOE 

15/1 

1 124 

TPDTfM 

•Asgk+2 

’DUAL  lUWEK  DOWN  TTME 

1574 

1 121) 

NPWKDN 

*** +7 

NUMBER  TIMES  THRU  PCWER  DOWN  LOOP 
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.PAGE  0037 


LINE  #  LOC  OCDE  LINE 

1575  112D  NPWRUP  **“*+2 


;  NUMBER  TIMES  THRU  POWER  UP  LOOP 


1577 

1578 

1579 

112F 

1130 

1131 

3E 

3F 

1580 

1133 

1581 

11% 

1582 

1135 

1588 

1136 

1585 

1137 

1586 

1138 

1587 

1 139 

1588 

1 18A 

1589 

U8B 

20  03 

1590 

1 18D 

1591 

1.18  E 

1593 

113  E 

6C 

EC 

15% 

UAL 

1595 

1 149 

15% 

1.151 

1598 

L 158 

00 

1598 

1156 

00 

1598 

118/ 

00 

1598 

1188 

00 

1599 

1159 

00 

1599 

L !  SA 

00 

1599 

USB 

00 

1599 

U5C 

00 

1600 

1150 

00 

00 

1600 

L  l5K 

00 

00 

1600 

U61 

00 

00 

1600 

116  1 

00 

00 

1600 

1 165 

00 

00 

1600 

L 167 

00 

00 

1600 

[169 

00 

00 

1600 

1I6B 

00 

00 

1601 

1160 

00 

00 

1601 

1  16  E 

00 

00 

1601 

11/1 

00 

no 

1601 

117) 

00 

00 

1601 

1178 

00 

00 

1601 

1177 

00 

00 

1601 

1179 

00 

00 

1601 

117B 

00 

00 

1602 

1170 

(603 

t  t8D 

UBKSZ1  .BYT  62  [UNIT  BLOCK  SIZE  -  2 

UBKSIZ  .BYT  63  ;UNIT  BLOCK  SIZE  -  1 

SAVAA  *“*+2 

SAVEA  *“*+1 

SAVIOC  *“*+1 

SAVX  **=*+1 

SAVKY 

SCOT  *“*+1 
TEMPA  *“*+1 
HSAVX  *“*+.1 

(jAOhUG  *«*+l  ;40  WORD  CflJNTER  FLAG 

CM! AO  .WOR  800 

(y,0  *^*+l  ;40  WORD  OOUNTER 

B256NX  *«■+!  ;2.56  WORD  COUNTER 

DELI’IM  .WOR  $PC6C  ;DELTA  TIME  =  -4000  (MICRO  SEC.) 
PBKADD  *^*+8  ;PORT  B1IXX  POINTERS 

QJlil  j<  *=*+8  ;  CURRENT  PORT  BIOCX 

P  BRINK  *=*+4  ;PORT  BLOCK  POINTERS 

[WE  .BYT  0, 0,0,0  [DIGITAL  EXPECTED  RATE 


POR'JW  .BYT  0, 0,0,0  [PORT  BUFFER  FILE 


CRATE  .DBY  0,0 ,0,0 ,0,0, 0,0  [CHANNEL  RATES  ON  INITIALIZATION 


METHOD  .DBY  0,0, 0,0,0, 0,0,0  [CHAN  SAMPLDC  METHOD 


STORGE  **=*+16 
.END 


ERRORS  »  0000  <0000> 
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SYMBOL  TABLE 


SYMBOL 

VALUE 

AC  LA 

COOO 

ACT  IV 

0300 

ACTLV3 

0380 

ACT  IV4 

0504 

ACT IV7 

032E 

ACTIVB 

03CC 

ACTIVB 

0SC3 

ACURCY 

00  FE 

ATl'.MP 

10K7 

Auxrri. 

AFFB 

ItBUSY 

00  OC 

HEAD!) 

1UA 

HKAUD2 

1  lit 

WANK 

DOAF 

HI.KAL3 

OABB 

IllRALC 

0AA4 

RSAVX 

1  I  to 

RUB  MR 

OAF'O 

on? t 

IIIJUI.IC3 

01136 

IUIBLE6 

0B31 

RUBLE  7 

OR  12 

BUF’KlCR 

NIK 

it:  I  El 

RCOO 

< :40  KLC 

1  L3A 

CRKADD 

00  3A 

CIIANLS 

00  >4 

CUN! 

02.3 1 

GNT40 

i13» 

CNTNIIS 

09  7  K 

COUNTV 

007.4 

CPBLK 

1 J  49 

CRLK 

0603 

CKLOW 

DDK! 

DCM ! 

0896 

DCM? 

089A 

ODRA 

AFF'3 

ft  ORB 

A  EE  2 

DIKKl 

09AE 

in  0  I  RQ 

0448 

LOCI 

0406 

R0C2 

04K3 

KR1 

0991 

ICR  2 

099  S 

(•TOTAL 

1110 

GETVAL 

03.cc 

1  ICR 

A  EKE 

IKK 

AFT!) 

(TIMK2 

043C 

IT  IRQ 

04 2  F 

KICKP6 

08/3 

KICICP7 

088  F 

KOUNTT 

I0IC9 

LEFT 

1)130 

I.NKAL2 

OBKB 

I RIKAJ  .3 

0c04 

LOOP 

094  K 

I.STIUK 

1  1  ID 

MAIN 

03A 1 

MUNI 

0311/ 

MA  1 N4 

03  ICO 

MA  INS 

03  K2 

MA  1 NH 

041C 

MAIN1) 

0421 

MLSSN 

03  1  3 

MISSNl 

0.8  ID 

MISSN4 

0899 

MISSN5 

0382 

MOK3 

070C 

M0K.4 

07  FA 

VUK7 

03011 

MON  I'll! 

C9K0 

MSG  12 

low: 

msi  ;  1 4 

1  (HID 

MSG'IA 

1072 

MSI  A 

io.u: 

MSG  7 

1 082 

MSI  18 

1 099 

msguti 

USED 

MSt.il  HIT 

USED 

VVC? 

084 A 

MV  03 

081.7 

MCIINLS 

00(10 

M-AVHIX 

0010 

DPWRftN 

(1711 

NI’WKIIP 

I  1  7.0 

1  >1 1 . . !  EX 

00  8  K 

OUTPUT 

1)701 

I'AOI'T 

H/AH 

Pit 

11807 

PHIO 

H/C8 

PMKITK 

1  13! 

"■rriM 

H  ?! 

Pol  NTH 

0084 

l»<  iRTBK 

I  159 

PORTS 

00  FA 

PRTPRM 

02  SC 

PIITIM 

1  J  7.3 

Kirn  mi 

0800 

KIYP 1  ME 

O/ICK 

RICGSTR 

l!!9 

RESET 

0700 

RUN IT  1 

00  UK 

RUN1T2 

06C7 

SAVE  1 

09k  1 

SAVE? 

09  F/ 

SAVES 

OA  5  / 

SAV1C0 

OA43 

SAVEY 

i  no 

SAVX 

1133 

SEND 

ii/tx: 

SET? 

021 A 

ACTIV1 

0534 

ACTIV2 

0540 

ACT  IV  3 

0517 

ACTIV6 

0521 

ACTIV9 

0589 

ACTIVA 

0595 

AJDIlllSY 

0008 

ADIF'FT 

09C  5 

112  36  NX 

1 1 3K 

)180 

0AC2 

!!FAI.’!)7 

1115 

I1KADD 

1118 

WRAL.I 

()AJ)0 

BIXAL2 

0AC9 

RPWRDN 

0751 

BPWRUP 

0790 

BUllUCO 

064! 

RUBLE 1 

CAK3 

I1IJI1LE4 

01138 

RUHLKS 

ORA! 

HURLIC8 

OBAC 

llUBNOX 

0009 

BUKO 

BGOO 

C40 

1131) 

CBKPTR 

0036 

CCIIBLK 

007A 

Cl  1  NORM 

0274 

CLOCK 

I  OF' It 

COONN’P 

lOF'C 

COO NTT 

004A 

CRA 

1180! 

CRATE 

MS’) 

CORREA 

OOOA 

DCM 

089C 

DCM3 

08  RS 

DCM4 

080? 

DEI. TIM 

1 1  3F 

DIKE 

099E 

DMAFLG 

1 1 U: 

DUMP 

050) 

E0C3 

04  E  7 

ICOC  LRQ 

04C2 

ICR '{MSG 

0983 

KRRJ’TR 

I0K9 

GIIICX2 

06  IK 

HEX 

1)306 

l  MSG 

0B99 

IN  IT 

0500 

TTIKQ1 

04'!  A 

K ICICI’ 

0818 

K  ICICI ‘9 

0976 

KKPNDX 

0046 

LINK 

OAJ  )8 

LNKALl 

OBFCI 

LMKALL 

Olic'i 

Li  k: 

0006 

LSTTIM 

OOAA 

LSTVAL 

009A 

MAIN2 

03  BA 

MAIN3 

03C0 

MA  1  NO 

0311! 

MATN7 

0404 

MDI  EF 

004<) 

Mien  DID 

!  1 60 

MISSN2 

031, A 

MISSN3 

036C 

Ml  IK  I 

0?H4 

M0K2 

0298 

'’OKS 

02  E4 

M0K6 

02  BK 

MSG  1 

1000 

MSG  11 

)  OAK 

MSG  1  3 

1007 

MSG  3 

1 0 !  C 

MSGS 

1 04u 

MSG6 

J06F 

MSG'I 

1  OA  1 

MSCADR 

C606 

MVC 

084G 

MVC! 

0846 

MHO 

I  !0i: 

Nil!  RS 

M  17 

ID.  INK 

000!) 

N PORTS 

0007 

NOMA 

07CIC 

iiLDflLK 

00 1  7 

PA 

B800 

PAIN 

B/AK 

P  HI- ADD 

1  !4! 

I’ll !  N 

!l/C() 

PIIOUT 

B /<:? 

pi  :r 

A  EEC 

P(  IRTA 

AKK 1 

PORTB 

AKKO 

PRA'nC 

HsS 

PUT  J 

0269 

RCUEK 

J)!  Ill' 

RDBIIOR 

067! 

READ 

I) !  IX ' 

REDOUT 

1)2  BO 

KKICP 

!)!  19 

RON  IT 

06110 

SAVAA 

1 .!  8 1 

SAVE 

09C6 

SAVE! 

09IH. 

SAVE4 

OA  1 3 

SAVICA 

I  111 

SAVER 

I J  34 

SENT 

!  18/ 

SI)!  KK 

0048 

SET) 

077! 

SETUP 

020B 
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SYMBOL  VALUE 


SHFTRG 

AFEA 

SLFTST 

05EC 

SP1 

0614 

SPACES 

0611 

STOPTM 

10FA 

STORCE 

117D 

T1CNTR 

AFEA 

T1HC 

AFF5 

TIHL 

AFF7 

TILL 

AFT4 

T1LCHW 

AFEB 

TILL 

AFF6 

T2CNTR 

At' EC 

T2HC 

AFF9 

T2LCHW 

AFAD 

T2LL 

AKF8 

T3CNTR 

AFEF. 

T3LCHW 

AFEF 

TCNT 

048F 

TCNT1 

0493 

TCNT2 

0490 

TCNT3 

04  AD 

TCNT4 

04A6 

TCNT  5 

0496 

TCTLL3 

AFE8 

TCTL2 

AFE9 

TEMP 

10K8 

TEMPA 

1 1 38 

thstlm 

00  DA 

TUSVAL 

OOOA 

T1MD1K 

1125 

T I  Mill 

0480 

TIMKAS 

06  72 

TL 1 NK 

OOOK 

TOH  EX 

06  OD 

TOTAL 

!  I  OD 

TI'irriM 

I!  29 

TPUT  1 M 

1)27 

1IBKSIZ 

1130 

UBKSZl 

1 12.F 

VCM 

08F6 

VCM1 

08K0 

VCM2. 

08F4 

VCM3 

090  D 

VCM4 

09  1A 

vi:m‘_> 

0906 

VCM6 

094K 

VCM7 

0961 

VCMfi 

0926 

VI)  IKK 

0047 

V  f  A  l 

0474 

V IA2 

0476 

VI  A3 

047  D 

VLA4 

04  72 

VTA  IRQ 

0448 

WA 1TB 

B73D 

WKMiDR 

0670 

WRHDR 

0A63 

WRHDR 1 

0A7D 

END  OF  ASSEMBLY 
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The  objective  of  this  appendix  is  to  describe  the  Data 
Acquisition  Hardware  Board  and  its  interface  to  the  Rockwell 


System-65  minicomputer.  The  five  functional  areas,  in  the 
order  discussed,  are: 

a.  Signal/Buffering 

b.  Address  Decode  Circuitry 

c.  Analog- to-Digital  Data  Acquisition 

d.  Inlerval  Timer 

e.  Digital  Data  Acquisition 

Refer  to  the  wiring  diagram  (Figure  15)  for  the  following 
discussions . 


ignal/Buf  fering 

Signals  from  the  System-65  are  brought  on  the  board 
via  the  86-pin  edge  connector,  labeled  as  PI  in  Figure  17 
(Ref  12:  Chap  4,  4).  Address  lines  AO  through  A15,  in 
addition  to  read/write  (R/W)  and  Phase  2  (02),  are  buffered 
through  three  8T97  non  invert,  ing ,  s  ingl  e- direct  ion ,  hex  bus 
drivers  (Kl,  K2  and  K3  in  Figure  17).  The  eight 
bi-directional  data  lines,  DO  through  D7 ,  are  buffered 
through  two  82 2 6  b i -direct iona 1 ,  quad,  inverting  (for 
System-65  compatibility),  tri-state  bus  drivers  (K4  and  K5 
in  Figure  17).  The  tri-state  control  for  the  data  buffers 
is  taken  directly  from  the  buffered  R/W  line,  while  chip- 
select  comes  from  the  address  decoder. 
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Other  signals  available  from  the  PI  edge  connector  are 
shown  in  Figure  17.  However,  only  interrupt  request  (IRQ) 
and  Reset  are  used  at  this  time.  Both  IRQ  and  Reset  are 
active  low,  nonbuffered,  open- collector  signals.  All  IRQ 
signals  on  the  board  are  ''or”  wired,  while  all  Reset  signals 
on  the  board  are  "and"  wired. 

Address  Decode  Circuitry 

The  eight  most  significant  bits  (A8  through  A15)  of 

t tie  buffered  address  lines,  through  appropriate  inverters, 

are  logically  NANDED  (7430  eight-input  "NAND"  gate) 

together  to  produce  the  AFXX  signal  (see  socket  J1  in 

Figure  L7).  This  signal  enables  the  3-to-8  line  decoder 

(74138)  of  socket  111.  Address  line  A7  (used  as  chip  enable 

for  HI)  and  address  lines  A4  through  A6  (used  as  data  inputs 

to  HI),  define  the  outputs  of  HI  to  be  AF8X  through  AFFX. 

Individual  devices  use  these  signals,  in  addition  to  the 

remaining  buffered  address  lines  (AO  through  A3),  to  define 

their  unique  addresses.  The  addresses  are  as  follows: 

AFFO  through  AFFF  VIA 

AFE8  through  AFFF  INTERVAL  TIMER 

AFDC  through  AFDF  IMA 

Ana  1  og-  (  o-l)  igi  La  1  [Li  a  Acqui  s i  t  i  on 

This  function  i'  obviously  the  heart  of  the  Data 
Acquisition  Hardware  Board.  The  two  LSI,  40-pin  chips 
chosen  to  implement  this  function  are  the  ADC0817  analog 
data  acquisition  chip  and  the  Rf>522  Versatile  Interface 
Adaptor  (VIA)  chip. 

I  00 


The  AUC0817  consists  of  a  channel  select  latch  that, 
through  an  analog  multiplexer,  selects  one  of  16  single- 
ended  analog  signals.  The  selected  signal  is  then  passed 
through  a  successive  approximation  ana  log- to- digi tal  (A/D) 
converter  whose  eighL-bit  output:  represents  a  ratio  of  the 
full-scale  voltage.  The  chip  provides  the  capability  to  do 
signal  processing  between  the  multiplexer  and  the  A/D  con¬ 
verter  input.  This  allows  the  addition  of  a  sample-and- 
hold  circuit  if  necessary. 

The  R6522  VIA,  using  peripheral  ports  A  and  B,  provides 
the  interface  between  the  System-65  and  the  ADC0817.  Each 
port  has  Lwo  peripheral  control  lines  (CAl,  CA2  and  CB1, 

CB2)  to  do  the  required  handshaking  with  the  ADC0817.  The 
lower  four  bits  of  port  B  are  connected  to  the  ADC0817 
channel  select  latch.  Fort  B's  lower  four  bits  are  pro¬ 
grammed  as  outputs.  Control  line  CB2  is  programmed  to  out¬ 
put  a  negative-going  pulse  when  port  B  is  written.  The 
pulse  on  CB2  causes  two  actions:  first,  the  negat ive- going 
edge  causes  the  data  on  the  lower  four  bits  of  port  B  to  be 
latched  into  the  channel  select  latch  and  second,  the 
positive-going  edge  signals  the  A/D  converter  to  begin  con¬ 
version  of  Lhe  selecLed  channel. 

Port  A's  data  lines  are  programmed  as  inputs  and  are 
tied  directly  to  the  A/D  converter  outputs.  The  end-of- 
conversion  (EOC)  signal  from  the  A/D  converter  is  wired  to 
port  A's  control  line  CAl.  EOC  causes  the  data  supplied  by 


the  A/D  converter  to  be  latched  into  part  A  and,  if  enabled, 
an  IRQ  signal  to  be  sent  back  to  the  System-65. 

The  two  independent  16-bit  timers  on  the  R6522  VIA  are 
wired  such  that  the  output  of  timer  1  is  the  input  to 
timer  2.  This  allowed  a  hardware  realization  of  the  Mission 
Run  Clock. 

I  nterva  1  T  itner 

The  M6840  interval  timer  was  used  as  a  simulation  tool 
for  timing  certain  events.  1L  contains  three  independent 
16-bit  counters,  each  capable  of  being  programmed  in  one  of 
four  inodes:  continuous,  single  shot,  pulse  width  compare, 
and  frequency  compare.  Kach  timer  can  select  as  an  input 
either  the  system  02  clock  or  an  externally  supplied  clock/ 
gate  combination.  Kach  timer  lias  an  individual  output  which 
can  act  as  a  programmable  pulse  timer  signal  or  an  indi¬ 
vidual  1 RQ  signal.  The  chip  also  has  a  combined  IRQ  signal. 

D  1  g  i  t  a  1  Da  t_a  Aequisi  t  i  on 

Digital  Data  Acquisition  is  performed  by  the  MC6820 
Peripheral  Interface  Adaptor  (RLA).  The  P1A  is  capable  of 
interlacing  to  two  peripherals  through  two  eight-bit  paral¬ 
lel  ports,  each  with  two  control  lines  for  handshaking.  The 
IMA  interfaces  to  the  System-65  through  the  eight-bit  data 
bus,  three  chip-select  lines,  two  register  select  lines, 
two  LRQ  lines,  the  R/W  1 ine,  the  enable  line,  and  the  reset 
line.  The  data  bus  is  tri-stated  until  the  chip-select 
lines  are  enabled;  the  direct  ion  of  data  flow  is  determined 


by  R/W.  The  chip-select  lines  are  enabled  by  the  AFDX  sig¬ 
nal  of  the  address  decode  and  the  buffered  A3  and  A2  lines. 
This  places  the  VIA  address  between  AFDC  and  AFDF. 

Buffered  address  lines  AO  and  Al  are  wired  to  register 
selects  zero  and  one,  respectively,  to  determine  what 
internal  register  is  to  be  addressed.  The  enable  line  is 
wired  to  Lhe  buffered  02  line  and  is  used  to  clock  data  into 
and  out  of  tile  P1A.  The  reset  line  is  "and"  wired  to  the 
System-65.  it  is  used  as  a  power-on  reset  and  as  a  master 
reset  during  system  operation. 

Each  port  can  be  programmed  to  act  as  an  input  or  out¬ 
put.  This  will  allow  the  ports  to  interface  to  digital 
input  parameters  during  a  mission  run  and  interface  to  a 
magnetic  tape  or  other  mass-storage  device  to  dump  the  col¬ 
lected  data  after  a  mission  run. 


Kenneth  Lee  Moore  was  born  on  5  January  1950,  in  Yale, 
Oklahoma.  He  graduated  from  high  school  in  Choctaw,  Okla¬ 
homa  in  1968.  He  attended  Oklahoma  State  University,  Still 
water,  Oklahoma,  and  received  a  Bachelor  of  Science  degree 
in  Electrical  Engineering.  In  May  1971,  he  entered  the  Air 
Force  and  served  as  Project  Engineer,  Electronic  Warfare 
Division,  Avionics  Laboratory,  Wright- Pat terson  AFB,  OH, 
until  19/7,  when  he  became  Chief,  Hardware  Evaluation 
Branch;  485L,  TACC  AUTO,  Electronic  Systems  Division, 
Bergstrom  AFB,  TX.  In  July  1979,  he  entered  the  School  of 
Engineering,  Air  Force  Institute  of  Technology,  Wright- 
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|  Aircrew  Physiology  Monitor  Digital  Recording  Systems 
j  Magnetic  Bubble  Memory 
j  Microproces sor 
Data  Acquisition 
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A  design  is  presented  for  a  seLf-contained ,  man-mounted  data  acqui-, 
9ition  system  to  sample  and  store  12  environmental  and  physiologi¬ 
cal  parameters.  The  design  consists  of  one-megabyte  of  nonvolatile 
magnetic  bubble  memory  storage,  16  analog  input  channels,  and  four 
digital  input  channeLs,  and  is  controlled  by  a  6502  microcomputer.  ; 
operational  software  was  designed  and  simulation  conducted  on  a  i 
i  Rockwell  :->vstein-65  minicomputer  augmented  with  two-megabits  of  mag-. 
•  net  lc  bubble  memory.  Two  types  of  data  storage  methods  are  • 
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examined  -  continuous  (or  pulse  code  modulation),  and  three 
variations  of  delta  pulse  code  modulation  for  reduction  of  data 
storage . 

Nonuniform  sampling  rates  (or  sampling  jitter)  caused  by 
simultaneous  sampling  requests  were  investigated,  and  ways  to 
reduce  or  eliminate  the  occurrence  of  jitter  are  also  presented. 
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